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PREFACE 


National! 


been 


During the past sixteen years the 
Association of Biology 


devoted to the mpro\ ement of 


leachers has 
biology 
teaching in high schools and colleges. Phrough 

affiliated group 
meetings, through the publication of The 
American Biology Teacher, 


tive committees working in all regions on the 


national. regional, ind local 


and through ac- 


various segments of this prob ylem, the work 


has cone forw id with a considerable degree 


of success. Since the is representa- 
1 both high school and college teachers, 
and understanding 


barriers 


tive « 
a community of interest 
has developed and the unfortunate 
between these two levels have weakened to a 


heartening degree. 


Biology teachers have aig fited widely from 
the Association’s service 1 bringing together 
and making available new ens sources 
of te ching materials, screening and evaluat- 
ing films and literature, and in developing 
among its members a heightened professional 
spirit. Some of its committees, such as those on 
health education and conservation education, 
have worked with state and local sub-commit- 


tees so as to reach classroom teachers even in 


ine done in_ teaching 


lhe Committee on Conservation 
the direction of Dr. 


remote areas. 
l-ducation, unde: Richard 


Weaver, 


vear nationwide study of 


has recently completed 1 three- 
what 1s actually be- 
conservation oOf our 


public 
\merican 


natural resources in the schools. A 
orant of 


Nature 
Association made it possible to secure wide 
ind to bring to- 


$10,000 by the 


participation in every state 
gether the results in a report that has just 
appeared under the title Handbook on Teach- 
ne Conservation and Resource Use. 


National 


! eachers presented to the 


In December, 1953, The 


A ssoci- 
ation of 
National Science Foundation a proposal fol 


regional work conferences 


Biology 


a series of annual 


on the teaching of biology. It w: S proposed 


that the Sop ea be selected from school 


and colle oe Teac hers of biology, specialists in 


the sever al areas oO! biolog & al sciences, special- 


ists in teacher education, and admunistrative 


personnel from local, county and_ state de- 


partments. Ihe idea of having these various 


representatives, all of whom contribute to the 
aim of better biology teaching, sit 
‘the best plays for 


common 
down together and plan * 


= 
P 
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the team’ was somewhat novel and appealed 
to many as promising effective results. 

In May, the National Science Foundation, 
in response to the proposal, announced a grant 
of $15,000 to finance a ten-day work con- 
ference to be held on August 28-Se ptember 6 
Florida, preceding the annual 
the American Institute of Bio- 
of which body the National 
Teachers is an affiliate 


t Gainesville, 
convention of 
logic: il Sciences, 
\ssociatio yn of Biology 
member 


\ planning committee met in Washington, 


Dp. C. on June 1-2 to outline the general 
course of preparation for the Work Con- 
ference. A Steering Committee was selected 
to determine the policies for the project. This 


Committee named the following staff charged 


with selecting participants and planning de- 
tails of the pre ram: 
Richard L. Weaver, Co-Director, Univer- 
sity of Michigan 
Samuel L. Mever, Co-Director, Florida 
State University 
Ned Bingham, University of Florida 
George Jeffers, Longwood College 
W. Hugh Stickler, Florida State Uni- 
vel t 
fo Dr. Meyer and particularly to Dr. 
Weave belongs much credit for their work 
in organizing the program and bringing to- 
gether a splendid roster of participants. 
\lembers of the Steerin g Committee were: 
Harvey EK. Stork, Chairman, Carleton 
( ollege, Northfield. \linnesota 
Muriel Beuschlein, Secretary, Chicago 
| eachers College, Chic: ago, Illinois 
Arthur Baker, President, NABT, Crystal 
| ke, Illinois 
Hiden |. Cox, American Institute of Bio- 
logic i Sciences 
Samuel Duncan, North Carolina Dept. of 


Raleigh, N. C. 


Fresno State College, 


| ducation, 
Leo Hadsall, 
California 
Jeffers, ongwood College, Farm- 


Fresno, 


(;eo! 


ville, Virginia 


W. Fdgar Martin, U. S. Office of Fdu- 
cation, Washington, D. C. 
Samuel L. Meyer, Florida State Univer- 
lallahassee, Fla. 
LL. Palmer, National Wildlife Feder- 
ition, Washington, D. C. 


oT 


ACI 5 
H. M. Phillips, Emory University, At- 
lanta, Georgia 
Malvina Trussell, Florida State Univer- 
sity, allahassee, Fla. 
Richard L. Weaver, University of Michi- 
gan, Ann Arbor, Mich. 


Che following staff assistants were named 
to work with the above Committee in Gaines- 
ville: 

Richard R. 
can Biology 
sity 

John Breukelman, Vice-President, NABT, 


Armacost, Co-editor, Ameri- 
Teacher, Purdue Univer- 


State ‘Teachers College, Emporia, 
ILansas 

Brother H. Charles, President-Elect, 
NABT, St. Mary’s College, Winona, 
\linnesota 


Ruth Dodge, AIBS representative, Emma 
Willard School, Troy, New York 
Robert Gering, Associate Managing Edi- 


tor, ABT, Wells ¢ ollege, Aurora, New 
York 

Paul Webster, Secretary, NABT, Bryan, 
Ohio. 


The Publications Committee responsible for 
compiling this report was under the co- 
chairm: inship of John Breukelman and Richard 
Ihe other members are Samuel L. 

Hugh Stickler and Richard L. 


Armacost. 
Meyer, W. 
Weaver. 
Harvey E. Srork 
Chairman, Steering Committee 


Introduction 
OBJECTIVES OF THE CONFERENCE 


Four major objectives were agreed upon 
by the staff and Steering Committee of the 
conference. They were: 

I. Establish the proper role and major con- 
tributions of the fields of morphology, 
taxonomy, physiology, evolution and 
paleontology, genetics, ecology and con- 
servation in the training of biology 
teachers. 

Il. Identify and — some of the 
problems found i 

a. the teaching ow high school biology 

b. the te: aching of college biology 

Cc. establishing a state-wide program 
or emphasis on biology teaching. 


major 


~ ~ 


6 ANERICAN 
II. Develop suggestions and recommenda- 
tions for: 
a. the mprovement of biology teach- 
ing in high school 
b. the improvement of biology teach 


ing in college with particular refer- 
ence to teacher tr aining 


c. greater emphasis on biology teach- 
ing, at 


the state level. 


IV. Provide for preparation of state plans for 
the recommendations 
yf the and review 
panel of state department of 
representatives to assist in the evaluation 


nplementation of 
have a 
education 


Conference, 


of the prop sals. 


SELECTION OF PARTICIPANTS 


Teams of participants were selected in the 
i 


ten southeastern states from lists nominated by 


the State Supe rintendent of Public Instruction 


and members of his staff, in each state. 


Fach team was composed of one or two 


high school teachers, two to four college 


teachers of biology and /« 
one to two administrators from colleges, pub 


science education, 


lic schools, or stat e departments of education. 


ORGANIZATION AND CONDUCI 
Part | 

Six biological scientists prepared written 

summary statements showing how their special 

contribute to the 

The six scientists 


could and should 


training of biology 


fields 
teachers. 
two-hour with each of. six 


met in Sessions 


groups during the first three days of the con 


With 


nied the 


the help of a recorder who 


scientist, a summary of 


ference. 


accompa the 


reactions of the participants to the prepared 


statements was made for each of the subject 


matter areas of biology covered. 
Part Il 
\ll participants were distributed in four 


discussion OT 


of persons from each state and from each area 
1dministration. 


OuUps SO that each group consisted 


of instruction or 


The problems of teaching biology in high 
school and college, and in developing a state- 
wide emphasis on biology were described 

to the conference in ‘a series of written 


pric r 


papers prepared fifteen of the participants. 
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[hese are summarized in this report, but the 
original papers formed the basis for identif- 


cation and selection of problems to be con- 


sidered at the conference. Part Il of the con- 
ference, dealing with problem identification 
and selection, required a day and a half, 
I wenty problems were chosen for consider- 
ation from the sixty or more which were 
identified. 
Part Il. 

The same work groups of Part Il were re- 

tained for Part Ill of the conference. Two 


days were devoted to preparing recommenda- 
tions on each of the twenty prob lems chosen, 
Reports from each of the four groups were 
duplicated and distributed to all participants 


in the conference. 


Part 


\ composed 


\ Rey 


Panel state super- 


intendents of public instruction, staff members 
of state departments of education and college 
or public school administrators reviewed the 
recommendations of the four groups on each 
of the twenty problems. They indicated 
whether or not they felt the re commendations 
or plans of action could be carried out. In 
reactions, and further dis- 


the view of the 


cussion of the plans by ¢ participants, gen- 


erally, members of the staft compiled the set 


of recommendations included in this report. 


STATE TEAMS 


Fach of the state teams met one or more 


times and prepared pl: ins for implementing the 
recommendations of the conference in thet 
states. A 


in this report. 


summary of 


EVALUATION 


at the 
conference. A 


CONFERENCI 
oral 


conclusion of Part I of the 


evaluation was conducted 


written evaluation was made at the last session 
of the conference, supp lemented by 
sion of wavs and means oft cocomecns sIm- 


ilar conferences 


RicHARD LL. WEAVER 
Co-directoi 
Samue EF. Mrver 


( O-dlrectoal 


these plans is included 


1 discus- 


— 


| WO 


re 


1da- 


vere 
ants 


en 


ER 
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PART I Some Contributions of Certain Areas 
of Biology to the Training of Biology Teachers 


Heredity and Development 
HERBERT PARKES RILEY 
Head, Department of Botany 

University of Kentucky 


\ study of heredity and development can 
contribute greatly to the tr aining of a biology 
teacher by making him aware of the principles 
of biological inheritance, of 
the factors involved in de- 
velopment and of the inter- 
relation between develop- 
ment and heredity. The 
teacher should familiarize 
himself with the basic laws 

\lendel, with the exten- 
sion of those laws to cover 
complex situations, 

with the physic: al basis of 

heredity and the structure, 
and behavior of the chromo- 
somes and with the principles of variation, its 
and its measurement. 
vorthy principles and generaliza- 
tions are the yr of the gene, the nature 
f polygenes and the role of 
in heredity. Of great value in the 
biologists would be 


more 


nature 


occurrence nm nature 


nd importance o 


uning of description 


f some of the traits found to be inherited in 


ian beings and some information about the 
ethods which have been used to determine 
ell ereditar\ basis. (¢ reneralizations and 
eories important to a know ledge of dev clop- 
ent are: the folding of tissues and the migra- 
on of cells during the embryology of the 
imal; the differentiation of germ Javers in 


nd the differentiation ot plant cells 


on 


tematic tissues: the Importance of 
ind of other biochemical substances 


ron 


produced during development as understood 


from the ti insplantation of eve primordia in 


Droso| 7 the nature of genetic blocks in 


ins of chemical reactions during the de- 


pment of plants and animals; organizers 


ind axial gradients; heterogonic growth; the 


germ layers and the dev clopment of the leaf 


nd flower as demonstrated by induced 


periclinal chimeras. 


Since the laws of heredity have been learned 
from experiments conducted on both plants 
and animals, training in genetics will tend to 
give a teacher of biology an insight into the 
unity of life. Not only do fundamental 
principles and the phy sical basis of heredity 
operate in the same fashion in both Kingdoms, 
but also the nature of gene action is very 
similar in both animals and plants. Therefore, 
the teacher who is trained in genetics is more 
likely to visualize the field of biology as one 
big field rather than as two largely “unrelated 
disciplines, zoology and botany. ‘Within recent 


vears, too, studies on Neurospora, bacteria, 
veast, Paramecium and other lower organisms 
have been extensive. By showing that the 


same laws govern both the simple and the 
more advanced forms of life, studies in hered- 
ity well illustrate the unity of life and the 
basic similarity of all plants. and animals. 


\ study of genetics and development leads 
to a better understanding of cellular organiza- 
tion and the cellular basis of life. Generaliza- 
tions which aid in an understanding of these 
principles are the elaborate mechanism of 
mitosis which ensures that the daughter cells 
receive the same number of chromosomes as 
one another and as the cell which divides to 
produce them, the self-duplication of proteins, 
the reproductive capacity of cell constituents 
such as chromosomes, genes and mitochondria, 
and the constancy of the chromosomes from 
one cell generation to another. 

In recent years, experiments on Drosophila 
transplants and on Neurospora and other 
lower plants have yielded considerable infor- 
mation as to the inheritance of fundamental 
biochemical processes. These studies have also 
led to a better understanding of biochemistry 
in general and could w ell contribute to the 
training of 


a biology teacher. A discussion of 


biochemical processes shows. that they are 


under the control of genes and that many of 


D 


these processes are absolutely essential to life; 
that genetic blocks can arise by mutation 
which interrupt the chain of chemical reac- 
tions: and that some fundamental biochemical 
reactions in humans are under genetic control 
and certain people who have mutant genes are 
unable to carry out certain important chemical 
S\ ntheses. 

Although the earlier work in genetics dealt 
with higher plants and animals almost exclu- 
sively, numerous studies on lower organisms 
have been carried out during the last fifteen 
years. Coupled vith Important cytological 
observations, they have increased greatly our 
knowledge of reproduction, life cvcles, and 
cellular structures in these lower forms. Items 
biology teacher 


of eveneral interest to the 


would be sexual reproduction in bacteria and 


veast. the bacteria! nucleus, the nucleus and 


cellular structure of veast, and mitosis in lower 
organisms. 
While problems ‘f speciation and hybridiza 


tion mav be discussed in the section on Evolu 


tion and Paleontology, they involve — the 
hereditary mechanism and can appropriately 
be taken up here also. They involve such 


nutation, poly ploidy and other 


chromosot iberrations, hybridization be 
tween species, ind the importance of allo 
polyploidy in rendering hybrids fertile. Iso 
lating mec nisms and the appearance oO! 


hybrid swarms can be studied in this group as 


roup on evolution. 


well as in the 

veher ] ] | | 

A eacner Snould prepares TO 
disc LISS the problem ot heredity and 


environment. It should be pointed out that 


this problem is no longer pertinent and that 


it is replaced today by a study of the action 


and effects of different genes acting in differ 
ent environments, for the dev cloped character 
result of the cooperation ot the Vveno- 


and the environment all 


ty pe, the cytoplasm 
operating together during the development 


of the individual. Phenocopies could be in 
troduced in this discussion. 


the explosion of the first atomic 


creat interest has centered around the 


effects of radiation on living organisms 


Courses in genetics should be helpful as they 
frequently discuss the effects of radiation on 
the hereditary mechanism and include topics 
such as the induction of gene mutations, both 


lethal and visible. the production of various 
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types of chromosome aberrations, the haz- 
ards of overdoses of radiation and the use of 
radiation in the treatment of cancer. 

Finally, genetics courses help to dispel some 
of the old notions which have no scientific 
basis. These “old wives’ tales” die hard. Under 
this point might well be discussed the in- 
heritance of acquired characters, biogenesis, 
telegony, and maternal impressions, including 
the difference between maternal impressions 
in the old sense and the effect of the placental 


environment of the child. 


Recorder's Report of Discussion on 


HEREDITY AND DEVELOPMENT 


Lhere is a body of subject matter called 


biology. It is neither botany nor Zoology, 
Genetics is a biological subject. Training jn 
genetics can theretore be of great value to a 


biology teacher. It can help to give a teacher 


1 perspective of biology as a unified whole, 


\n understanding of mitosis and meiosis js 
fundamental to an understanding of genetics 
| activity 


\leiosis is 


Lhe chromosomes and then 


should be studied rather caretully. 


a much more complex process than mitosis 
and though certain Ispects such as reductior 
ind crossine over need to be known thor 
oughly, care should be exercised in the selec 


tion of the remaining material which 1s pre 


sented. Lite cycles are Important and need t 


| 


be stressed. Internal and external environments 


should be recoenized and caretully considered 


when studying the characteristics of organ- 


ISTTS. 


\frer the study of the cell and its activities 
certain other are 
SCNnt lcd knowledge 


\lendel’s ba ( laws monohy brid, d 


hybrid ratios 


Polvhybrids—trihvbrids, etc. the 
student some conception of the mathe 
matics on which genetics ts based. 

3. Sex inheritance and sex linkagwe—most 
in animal approach. 

Junkage and crossing ove! venes 
chromosome inear order, an apprec 


ation of linkag« 
5. Mutations and the mutation process. [| 
not entirel\ 


action. of Crenes are 


stable. 


of gvenctics seem to repre- 


| 
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haz- 4. Biochemical genetics. Shows the mutual plex areas as human genetics.? “The easiest 
e of relationships between chemistry and gene- way to confuse a student is by lack of in- 
tics. formation.” 
ome - Polygenes—quantitative characters; inter- 2. Laboratory is helpful in the study of 
tific action of genes. genetics, but not an absolute essential. It is 
Radiation effect helpful and probably essential that teachers 
in- speeds up process; not new, repetition and students see chromosomes, and demonstra- 
esis. tan tions of fruit flies, biochemical inheritance 
ding (Neurospora), P. T. C. taster leaflets, ete. 
ions Population genetics—not very deeply, be- Analysis of human family histories, and 
nta study of newspaper clippings concerned with 
cause juirement. : 
; 5 genetics are worthwhile activities, as is the 
Human genetics and eugenics. field trip to a greenhouse, museum, or places 
Genetics for high school teachers can be outside the school building where variation 
On lescriptive as opposed to mathematical and genetic and environmental ) can be seen in 
T quantitative.’ This does not mean that teachers Many plants and animals. 
chould not be given some of. the statistical 3. Genetics can explain and remove many 
illed rreatment so important to the field, but that false ideas. Misconception and prejudice often 
Og) the amount and kind of mathematics should ait’ hand in hand. 
gi Ye tempered with the needs and abilities of The history of genetics ¢ ran be effectively 
to e students kept in mind. A minimum is iene into the total genetics course. 
che epresented by insisting that teachers have 5. A basis can be provided to understand 
opportunity to see examples of the statis- Pr actical plant and animal breeding. 
cal treatment used in genetics—whether or 6. The study of development can involve 
tic not they can use or entirely understand the such knowledge as the folding of tissue and 
ocesse the migration ‘of cells during the embryology 
of the animal; the differentiation of germ 
‘ aii 55 layers in animals; the differentiation of plant 
on cells from meristematic tissues; the germ layers 
’ leachers should be careful not to over- and the development of leaf and flower. 
ir plify explanations to their students, par- Science is not final nor are so-called 
ticularly in such critical and somewhat com- authorities in science final. 


chool 


y t t the amount of 


teachers in Group III felt rather 
mathematics that high 
absorb had been underestimated. 
is not the general These 
commended and 
their 


seful and_ possible. 


opinion. 


Teac 


enc yuraged to 


nathematics in biology courses 


RicHarp R. 
Recorder 
One member of Group I felt strongly enough on 
this subject to support the idea that it would be 
better no genetics at all rather than only the 
superficial treatment which 1s frequently given in 
the survey type of general education biology. 


to have 


| 


Evolution and Paleontology 


LOREN C. 


PETRY 


Professor of Botany 
Cornell University 


A. Introductioi 
Scientists 
sumptions: 

a. that the universe as a whole displays 
order. 

b. that man a sufficiently 
advanced stage in his own evolution 
to enable him to examine, interpret, 
and understand that order. 


+ 


make two fundamental as- 


1as reached 


Biologists are scien- 
tists concerned with the 
order displayed by matter 
in the living condition. 

3. Living matter 
tinguished from non-living 
matter principally by three 
characteristics: 

a. growth and repro- 
duction. 

b. respiration. 

c. cellular structure. 


is dis- 


4. In their efforts to understand the order 
display ed by matter, have 
concerned themselves principally with three 


living biologists 
questions: 
a. how are organisms constructed, and 
how do they ate- 
b. what kinds « ot 
and how did they ‘originate? 
organisms distributed over 
maintain 


organisms are there, 
1 

Bow are 
the earth, 
themselves there? 


and how do they 


5. In their efforts to answer the second of 
these questions, 


three principal lines of activ ity 


biologists have engaged in 


a. assigning names to org: nisms. 
org. nisms in groups. 
justifying the ar- 


b. arr: anging 
Cc. and 
rangements. 
6. In their efforts to make and justify ar- 
rangements of orga nisms, biologists have made 
three principal assumptions: 


a. that relationship or common ancestry 


is the principal valid explanation of 


Si imilarity of organisms. 
b. that the changes in organisms which 


are associated with reproduction and 


produce dissimilarities are Cumulative 
in effect and sufficient in magnitude 
all the known differ- 
ences in organisms within the known 
period ot life on the earth. 


have caused 


c. that conditions on the surface of the 
earth in the past have been essentially 
p “esent, 


the same as at unless there js 


definite evidence to the contrary. 


B. Fundamental concepts of organic evolu- 


1. The undeter- 
mined way. probably ly by separation from the 


earth originated in some 


sun, some three or four billion vears ago, 

2. At some subsequent time living matter 
originated on the earth from non-living mat- 
ter. Living matter may have originated re- 


peated] 


method 
assumed that 


3, Nothing is known about the 
of origin of living matter. It is 
the original living matter was simple in struc- 
ture. 

+. The 


sessed or 


original living matter either pos- 


acquired the ability to 


undergo 
transmissib le 


(heritable) changes in structure 


and/or function. 
5. Asa result of such changes, the original 
kind of living matter presently became many 


many kinds, differing structurally 
or functionally or both, are called species, 
varieties, etc. The individuals are called 


organisms. 

6. Early 
structure; 
of parts. 

7. Most of the which 
produced either no change in complexity of 
fraction 
of the changes produced an increase in struc- 


were all 
they consisted of f¢ w kinds 


organisms simple in 


that is, 


changes occurred 


structure, or simplification; a small 
tural complexity. 

8. Similar changes in functional complexity 
occurred. 

9. At first all 


physical environment survived. 


fitted to their 
As the nun- 
kinds of organisms 


organisms 


ber of organisms and of 
between organisms 


increased, a competition 


and between kinds of organisms developed 


ch 
fic 
pr 


| 
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From this time on survival has depended on 
idiustment to both physical and_ biological 


environinc nt. 


10. A fraction of the organisms produced 
by the changes resulting in an increase in 
structural and/or functional complexity have 
possessed especially effective adjustments to 


one or several of the environmental factors 
surrounding them. 
11. Each such change has resulted in the 


a new group ot organisms 


development of 
advantageous new character. 


possessing the 
Illustrations are: 
a. the development of pigments able to 
ibsorb energy from light resulted 
in the development of green plants. 
b. the organization of the genic material 
into a definite nucleus occurred in 
the ancestral forms of all groups of 
except the bacteria and 
blue- gl Teen algae. 
c. the development of the particular 
kind of fruit called an acorn was the 
origin of the trees grouped in the 


organisms 


enus Quercus. 


2, Changes involving no significant change 
ry were much more common than 
ving an increase in complexity. 
wccount for the greater part of the 


An illustration is: 


1 compte 
i 
Nose 
hese 


versity 


na nut and hazel nut are not 
mificantly simpler or more com- 
olex than the acorn, but they are 
dilfenent. and form the bases for two 


other cenera of woody plants. 


involving 
resulting organisms, in 
There are abundant 
freque ‘ntly associated 

An illus- 


habitat. 


simplification were 
most 


Inges 
ind the 
survive. 


Ses, did not 


port nt ¢ XYCepeutions, 
ith significant changes in 
ration 1s 

Lemma, and Wolffia are 
vegetatively simple plants living in 
probably originated 
the terrestrial Araceae, 


fruits, and seeds are 


rodeta, 


ater. 
from one oft 
whose flowers, 
very similar. 
4. Changes in the methods of reproduc- 
ive been of particular significance. Such 


resulted in adding 


hanges soon two signi- 
ficant new functions to the reproductive 


process 


AND 


PALEONTOLOGY 11 


a. increased multiplication. 
b. distribution. 


15. The original method of producing new 
cells by division was ev entually supplemented 
by the new method of fusion of cells. This 
method of sexual reproduction produced a 
significant increase in the rate at which 
changes occur in the resulting organisms. 

16. Geographical and/or genetic isolation, 
or the lack of it, became important factors in 


determining the rate at which new species 
were developed. 
17. The development of two kinds of 


gametes provided important functional ad- 
vantages and increased the probability of sur- 
vival of organisms producing them. 

18. Examples of the many similar modifi- 
cations of reproductive structure and function 
in plants are: 

a. development of aerial spores in fungi. 

b. transfer of sperms through a pollen 
tube. 

c. insect pollination. 

19. Changes in vegetative structures were 
of substantially equal significance. Examples 
are: 

a. the appearance of stomata permitted 
the development of land plants of 
considerable size. 

b. The development of vascular tissues 
in plants resulted in the evolution of 
large long-lived trees. 


C. Concepts and information contributed by 
paleontology. 

1. Fossils are natural objects which furnish 
useful information about the structures and 
functions of specific organisms of the past. 

Ihe uranium-lead ratio method of de- 
termining the age of rocks makes it possible 
to be sure of the age of the organisms repre- 
sented by fossils and so of the ‘order of their 
occurrence. 

3. The earliest organisms were all simple 
in structure. 

+. More complex organisms appeared ap- 
proximately in the order of their complexity. 

5. Kew species or genera survived for any 

great length of time; but few important 
groups died out without leaving ore com- 
plex modified descendents. 

6. The process of evolution has been con- 
tinuous. 
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[he rate of evolution has varied greatly 
from group to group. 

8. [he rate of evolution in particular 
groups has varied greatly from time to time. 

9. All organisms of the present time are 
the products of an evolutionary process which 
has been operating from one and one-half to 
two billion years. 

10. The 
organisms may be 
plex in both structure and function than the 
original living matter out of which all organ- 


protoplasm of all present-day 


assumed to be more cCom- 


isms have devel ped. 


D. Generalized Statement 

|. From a single, original form of life, or 
from a relatively few original forms, of very 
simple organization. other forms of greater 
complexity have in some manner been de- 
veloped. 

From these forms still others, mostly of 
greater complexity, but sometimes of simpler 
organization, have been developed in the same 
manner. 

3. This process has continued at varying 
rates but without interruption from the time 
of beginning of life on the earth to the 
present time, and is now going on. 

4. All known organisms, both extinct and 
living, both plant and animal, have arisen in 
this way. 


FE. Sienificance OF these 


ach of 


some of 


biolog) 


concepts 
for the teé 
undefinable term whose 
naively in infancy and 
expanded by experience and reading to in- 
clude a few centuries or a few millenia. Study 
of the processes of organic evolution expands 


1. Time is an 
meaning is learned 


the concept of time to include all the period 
which has biological signific ance and is meas- 
ured in billions of years. 

[he idea of continuity of living matte) 
the cycle of a corn plant 
from seed to seed, but it takes on new signi- 
ficance when the continuity is established for 
billions of years. 


is gained in tracing 


3. The power of living matter 
can be introduced by an account of the re- 
Krakatoa after a volcanic erup- 
is shown by the 


expansit 


vegetation of 
tion, but its real meaning 
occupation by plants, first of the sea, then the 
soil, and then the surface of the land. 
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4+. The physiologists en iphasize the com- 
plexity of protoplasm as it occurs today. Only 
the evolutionist, who must consider not only 
present-day living matter but living matter of 
all periods, gains an adequate idea of the 
complexity of biological phenomena. 

5. The essential phenomenon of organic 
evolution is not increase in complexity but 
change, accompanied by the survival of 
very few of the results of change. The rele- 
vance of these ideas to almost all aspects of 
life, from politics to criticism of modern 


architecture, is clear. 


Recorder's Report of Discussion on 


EVOLUTION AND PALEONTOLOGY 


The outline of Evolution and Paleontology 
as presented by Dr. Petry was accepted as an 
adequate basis for te: ching the evolution por- 
Since the 
statements in the challenged 
only in minor details, the discussions dealt 
mostly with extensions and implications. No 
two of the discussions developed along the 
same lines, although there were many recur- 
ring points of emph: sis, and general agreement 
was reached in most cases. All groups in which 
reed in principle 
on the following general statements: 


|. The evolution concept, 
developed all well taught g" 
is a good thread with which to tie ideas to- 
gether in various volu- 
tion, a synthesizing concept which fits into 
funda- 

mental contributions that biology can make 


tion of a gener al biology 
outline 


course. 
were 


the points were discussed 


which can be 
biology courses, 


biological sciences. 
all phases of biology, is one of the 


toa personal philosophy. 


[he importance of time and the con- 
tinuity of change in the living world are two 


of the most important fundamental concepts 
in the teaching of evolution. 
3. It is Important to note that even the 


simplest species now alive are the products 
ofa long period of evolution and therefore 
not simple as compared to the earliest things. 


4. lhe area of evolution prov ides excellent 


opportunities for the study of independent but 
saree. and supporting lines of evidence, 
such as fossils and compar: ative anatomy, the 
uranium-lead ratio and the paleontological 


sequence, 
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5. Far-fetched statements and over-drama- 
tized present: ations of evolution tend to place 
evolution teaching in a bad light with the 


pub ylic. 

6. Prospective biology teachers should be 
given to understand that there is considerable 
Scales re to the evolution concept, 
and should be prepared for it. In some local- 
ities, Where there is a strong anti-evolution 
bias in the community, the teacher must act 
with unusual tact and understanding. It is 
to help students through 
with their 


sistance” 


his responsibility 
periods of difficulty 
‘deas of a religion-evolution conflict. 


associated 


[he competent teacher can do his best 
‘ob when he is free to organize his biology 
course as he thinks best and to use the ap- 
evolution which he considers 


his students and his com- 


proaches to 
most suitable for 
munity 

[he interest in, and the response to, evolu- 
litferent at various educational levels, 
ipproaches that can be used depend 


non Is 
ind the 
on the maturity and experience of the teacher. 

8. The teaching of evolution presents a 
good opportunity for pointing out that facts 
are facts, whether they are believed or not, 
ind for showing how to distinguish hae een 
fact, on the one hand, and theory or belief, 


on the ormel 

9. Colleges must assume responsibility for 
in-service training of teachers of biology, in 
tder to build up the breadth of training nec- 
te: ching such s\ nthesizing ‘topics 


is evolution. This includes er aduate credit for 


basic courses, adjustment of prerequisites, off- 
campus courses, expanded summer offerings, 
onferences, workshops, and the like. 
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In the case of the next statements, there was 
less than complete but still substantial agree- 
ment: 


1. High school students are interested 
primarily in man himself; therefore the best 
starting point for teaching evolution is to 
show how, to a considerable extent, man con- 
trols his own environment and directs his own 
evolution. 

2. Students are initially more interested in 
objects than in ideas; therefore, whenever 
practical, a discussion of any phase of evolu- 
tion should follow examination of some physi- 
cal object, such as a fossil. 

3. An important part of a teacher’s respon- 
sibility is to make clear his own position 
concerning evolution. The competent teacher 
exposes his students to his own philosophy. 
Common sense will determine the best way to 
accomplish this. 


Concerning the following statements there 
r less sharp disa. ‘reement, with no 
clear cut Pach i reached within the time 
allotted: 


Was more O 


teachers should not give final 
answers to social or other non-scientific ques- 
tions, but should present all the facts they 
think concern the involved in the 
situation. 


Biology 


biology 
2. There is a lack of interest in laboratory 
work at the college level, which may result 
from faulty presentation or from the social 
evolution through which students go. A new 
type of laboratory experience is ‘needed to 
individualize and vitalize the experience and 
still meet minimum requirements. 

Joun BReuUKELMAN 
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orphology 
. 8S. CHADWICK 


ie Department of Biology 


George Peabody College for 


“Morphology ..... IS One of the most 
interesting departments of natural history, and 
may almost be said to be its very soul.” 
(Charles Darwin, The Ori- 
OF Species.) hese two 
statements, (a) that 
phology is interesting, and 
(b) that it is in large part 
the soul of natural history 
are sufficient arg 
the inclusion of a healthy 
dosage of morphology in 


Mor- 


reuments for 


the biology curriculum. 
Although the history of 
biology has largely 


structure of 


been 
form and 
of mor phology 


the study of the 
organisms, the wu nportance 
seems now to reside in the fact that it provides 
a basis for the understanding of function, 
heredity, 


and other branches of biology. 


taxonomy, ecology 


It is to be admitted res idily that morphology 
alone is not enough, but it must be admitted 
also that a knowledge of morphology is pre- 
requisite to the understanding of function. 
[he structure and form of the o1 ‘ganism is a 
framework in which and by which life func- 
tions are iccomplished. Because this is true a 
1S indispensable 


study, 


knowledge of morphology 


any study, or in any phase or field 
of the living org nism. 


[he first questior the inherently — 
iiliaiee is likely to ask in regard t a thine 
is, “What is it?” The 


knowledge of morph ology. 


answer a 


Lhe next question 


will likely be, “What is it good for?” or 
“What does it do?” The answer to these 
requires a knowledge of function. Other 
questtons will likely be, “Where did come 


and “How 


answer these one has 


from? did it come to be like 


is?” To to draw upon 


a knowledge ot embrvoloey, evolution, 


venetics, ecology 


If the teacher knows only morphology, or 


only one of the several fiel is of biology, he 1s 
not likely to satisfy the curiosity of the stu- 


breadth as W ell 


His training must have 


dent. 


leachers 


as depth, and probably breadth should be the 
first objective. 

Ihe good general biology course at the 
high school or college level should provide 
breadth. In such a course the student would be 
introduced to those principles and laws which 
are common to all of the fields of biology, 
Enough morpholog\ would be taught to pro- 
vide the basis for the understanding of func- 
tion. In senor. protoplasm and its or- 
ganizational units, tl 


have to be learned. 


¢ parts of the cell would 
+ a sequential study of 


the world of living things, which would fol- 


low consideration of the cell doctrine, mor- 


phology would be taught as needed. The 


student would learn about cell aggregation. 


division of labor between somatic and germ 


cells, specialization of somatic cells, tissue 


formation, organ formation and the organ 


systems, without having been impressed with 


the fact that these are in the domain of mor- 


phology. Even the great principles of struc- 


ture—metamerism, sSVinmecry, cephalization, 


regional differentiation and the subdivisions of 


the coelom—would become evident without 


pointing up the fact that these are alla part of 


the field of morphology. 


It would be in the advanced courses for a 


student would gain 


anatomy, 


biology major that the 


depth. In courses in comparative 
embryology, histology and cytology he would 
dig more deeply into the special s subject. of 
But even in these courses, func- 


tion should nor be 


morph 


excluded. here is a 


definite, and probably wise, trend towards 


functional anatomy. Instead of requiring stu- 


dents to learn the name, origin, insertion, ac- 


tion, innervation, form, position and blood 


supply of each individual muscle in the body. 


he learns muscles as functional groups. Such 


knowledge is more me iningful. In embry- 


ology, in addition to learning the fate of the 


germ layers and successive structures 


which — from them, the student would 


study unctogenesis, fertilization and_ the 


ccain of the zygote, the mechanisms 


\ 


the 
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which bring egg and sperm together, the 
organizers, devices for the nourishment of the 
developing individuals, metamorphosis, and 
the phenomena of hatching and parturition, 
fo understand embryology one is forced into 

study of the hormones, enzymes and genes 
the) relate to development. In reget 
nd cytology the functional approach also 1 


c¢ressed 


\uch criticism has been directed at biology 
n gene! i] and morphology in particular for 
its apparet ntly unending terminology. It is said 
are not content just 
we have 


nd rightly so, that we 


ry have one bie name for a structure, 


to have two, or three or perhaps a half dozen. 
We are criticized for requiring the dissection 
of endless, smelly, formalin- preserved speci- 


ens; for requiring the students to make too 


ny drawings; for not having enough field- 

ips fo idhering too closely or not closely 
enough to a textbook, and so ad infinitum. 

In leading our students towards a knowl- 
edge of the principles of biology we Cannot 
exclude but we can have too 

uch « hasis on certain phases of this area. 
In et morphology we can have too 

ucn terminology or we can have too little. 


In laboratory practice we can ~~ that 
e students make too many dr awings, or too 


can require too much poe or 


e can leave some things undissected. We can 
ve too few field trips or too many. We may 
ut laboratory before the lecture, the lecture 
efore the laboratory, or we may carry them 
ong to We may use too many audio- 
isual aids, or not enough. We may use a 
textbook much, little or not at all. We may 


€ ouilty of cook-bookery in laboratory in- 


truction. or exhaust ourselves with verbally- 


viven instructions. The Important thing is that 


e do not go to any of these extremes, but 
balance. 
We ould seek 


indling of the subject of morphology, but 


balance not only in our 


seek to balance morphology content w ith con- 
ent from genetics, taxonomy, ecology, evolu- 
tion, physiology and other phases of the field 
of biology. Only in so doing can we hope to 
turn out balanced, well-rounded, well-edu- 


cated, biology students. 
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Recorder's Report of Discussion on 


MORPHOLOGY 


Morphology, when taken in its broadest 
concept, concerns the study of the form and 
structure of living organisms. It provides a 
basis of interpretation “and understanding of 
other aspects of biology, such as those of 
physiology, heredity, ecology, taxonomy, 
evolution and others. 

Morphology may obtain its chief place of 
Importance as a tool by which it forms the 
foundation, the superstructure or the building 
blocks, for the various topics of study w hich 
seem to be essential. It may also be important 
as a discipline itself, leading to a interests 

r further pursuits in anatomy or taxonomy. 


biology courses in past have 
been largely based on structure, because of the 
greater amount of this type of information 
available. The more recent trend has been to 
emphasize phy siology, as new discoveries have 
been made in that field. The general opinion 
of those discussing this point is that there is a 
definite need for balance between these areas. 
Thus, morphology, physiology, ecology and 
other phases of biology, kept i in balance by an 
able teacher, should lead to the better under- 
standing of basic biological principles. The 
real danger lies in making any one subject 
an end in itself, rather than’ an integrated 
whole. 


Some of the principles of morphology 
which are important in the preparation of 
biology teachers include the following: 
I. know ledge of organ systems in repre- 
sentative organisms 
2. levels of organization from simple to 
complex 
symmetry, 
tion 
4. regional differentiation 
cells and the division of 
cells 


metamerism and cephaliza- 


labor among 

6. homology 

the organism as an end product of hered- 

ity and environment 

morphological evidences of 
physiology and taxonomy. 


evolution, 


I hese principles may be projected in sig- 
nificant courses given as an important part of 
the teacher tr aining program, and for other 
knowledge of biology. 
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| mphasis has been placed on the necessity 


of a good general biology course of at least 


gene 
one year duration in which there is a balance 
of morphology, physiology and other areas 
as many of the fundamental princi- 
Although 


some participants prefer separate half-year or 
and zoology, the 


including 
ples of each as fits the situation. 


quarter courses in botany 
majority preferred a required ¢ eveneral biology 
course during the first vear to be followed 
by such other courses as: 
|. Second Year 
a. Human 
2. Third Yea 
1. Nature Study, 
ology 


Physiology 
Genetics or Bacteri- 


students who wish to gain a_ fundamental 
3. Fourth Year or Graduate Level 

a. Comparative Anatomy 

b. | mbrvology and Histology 

c. Taxonomy 

d. Plant Morphology 

e. Ecology 


| nton 
Ihe need of one or more concurrent o1 


subsequent methods courses was recognized. 
i 


Suggestions were made that a comparable 
general physical science course be offered in 
order to give adequate background informa- 
tion in those physical sciences in which pros- 
pective teachers, due to lack of time, might 


not be able to « omplete vear courses. 


lo keep in step with the current trend of 


teacl ung more science in the elementary 


school, there was expressed a need to examine 
the early work in natufe study and to modify 
subsequent programs. The development of a 
practical and acceptable integrated program 
in science throughout elementary school, hi gh 


school and college is needed. 
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Lhe methods by which the principles of 
morphology may be taught through signifi- 
cant courses are many and varied. Some prefer 
to use such approaches to \ arious CV pes of 
subject matter as the following 


a. the functional approach 

b. the problem approach 

c. the question approach 

d. the phy logenetic approach 
Others wish to use combinations of these aris- 
ing 


Oo from need. 
However all concurred in stressing the im- 


In addi- 
paration the following at- 


portance of the well-trained teacher. 
tion to teacher pre 
tributes seem Important: 


1 


adaptability 
2. desire for continued growth 
3. skill in teaching techniques 
4+. rich experiences 
skill in laboratory and field work 
6. ability to use wisely such teaching aids 

such as 

a. blackboard for illustrations 

b. audio-visual aids 

ability to be selective in requirements for 
student 


dissection, draw INQS, records, 


and reports. 
Lhe following ecommendations were 


made: 


1. that total number of clock hours of the 
science teacher be lightened to permit 
him to adequately prepare tor labor: tory 
work 


that ad equate space should | e provided 


ty 


that the teaching load of science teachers 
(lecture and labor: tory counting equal- 
ly) be determined by total number of 
clock hours. 

RutH Dopai 
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Taxonomy 


FRED R. CAGLEI 
ifi- 
¢ Head, Department of Zoology 
Tulane University 
OT 
laxonomy, concerned with the identifica- ations in the attributes of natural populations; 
tion and classification of organisms, has been morphologic, physiologic, ecologic, demo- 
called the oldest, the most limited, and the graphic, genetic; (4) legalities, the inter- 
most inclusive of the bio- national rules and their applications. 
logical SCIENCES. he oldest With this general approximation of tax- 
ris- because of man’s early need onomy and the taxonomist as a base, we can 
for names; the most limited — explore the question of how such knowledge 
im- vecause the taxononust Nas — js useful to the teacher of biology. 
; often dealt only with mor- 
Che student beginning his study of biology 
at phology and nomenclature; 
at- - ; is most frequently interested in specific plants 
1¢ most inclusive because 
or animals. What is this? What is its value? 
proper classification de- 
‘ . How and where does it live? This interest is 
pends upon the totality of 
“pia used by the alert teacher to lead the student 
our knowledge of or- 
% to an awareness of the general concepts and 
ganism and its populations. 
, ee principles of biology. Both the student and 
The word “taxonomy is sometimes used to - vod 
teacher are frequently concerned with identi- 
refer to the science that deals solely with - . ? 
fication. 
identification and naming; the word “system- 
tics” to refer to @ broader science desis Perhaps the greatest value of taxonomy to 
with the problems of evolution and Gucsa. Sucent ant teacher is the use of the sy stem 
eween systematics and skeleton outline of biological knowledge. No 
Perhaps the best way of defining taxonomy person can know. all about the plants and 
whet 4 animals, but an understanding of the uses of 
ematist does. He must identify, classify and the system of ee = . vast 
oe 
name, as well as determine the factors involved extensions of waa iS classification 
the evolution. In onder to ke with similar traits together, 
mit speci- recognition of the phylum, order, family, 
Ory nens. but in a sample that reflects an accept- genus or species will provide a vast amount of 
ble approximation of the variation in. a information to the individual trained in tax- 
ed Ac The good teacher will frequently say 
er of the phylogenetic posi- “I don’t know exactly what kind of an animal 
ual b S ‘mber o s genus 
ion, the taxonomuist must utilize information . Is ut it is a member f this — thi 
of t family and therefore it has this origin, this 
n the ecology, physiology and ethology of 
a Such knowledge permits the student to extend 
ants or animals are determined a name must 


ve established. Naming requires the applica- 
in understanding of the international 
ules of nomenclature and a thorough knowl- 


he literature of 


edge of the lo deter- 
pattern of evolution requires the 
synthesis of information from many areas of 
biology particularly biogeography, 
OUT phy, 
What is 


passed by 


biology. 
nine the 


biode- 
phy siology and genetics. 
body of 


ecolos 
know ledge 
This includes: 
scriptions, keys, phy logenies, 
life 


the 
taxonomy 


encoim- 
(1) de- 
aphic 
) vari- 


veoor 


) = = 


listributions, habitats, histories; ( 


his know ledge of the plants and animals of one 
region to another. 

Classification reflects the pattern of evolu- 
tion, the theme of. all biology. The 
type course is essentially a portrayal of the 
larger steps in the development of life; the 
principles course is an explanation of how life 
and survived. Either type of 
presentation is dependent on classification. 


basic 


has evolved 


laxonomy requires an application of other 
areas of biology and is ideal to demonstrate 
to the student a s\ nthesis of biological knowl- 
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edge; genetics and embryology, in determin- 
ing inheritance and degree ‘of relationships; 
anatomy, morphology, in estab- 
lishing characters of related groups; 
biogeogr aphy, biodemography, in determining 


the why of distribution: paleobiology, in inter- 


phy siology, 
ecology, 


preting the past. 


Conservation education requires instruction 


in identification and the discussion of the 
attributes of populations. 
If taxonomy is essential to the teacher, what 


aspects of the subject are important in the 
education of the teacher? These may be out- 
lined as topics. 
1. Collection and preparation 
( ollecting te chniques. 
dried, fluid 
specimens. 
and cataloguing. 
2. Identification 
Use of keys, descriptions. Evaluation of 
ication—handbooks, mono- 


pes. 


Preparation of 
preserved and embedded 


\lethods of data recording 


levels of 1 lentit 

graphic 

Artificial 
3. Classification 


revisions, descript ions, 


ind natural keys. 


Characteristics of the hierarchy of 
classification. Utility of  classification— 
“fi systen .” relationships, phylogenies. 
Linnean system. Kinds of taxonomic 


characters morphologic: al, phy slologic: il, 
ecologic al, ethologic al, geogr: iphic: Wl. Di- 
agnostic value of characters. 

[ype method. Functions of the ty pe, 
the hypodigm, the type locality. 

Speciation 


Species concepts morphological, bio- 


logical. Natural populations—characteris- 
distributions, gene flow, in- 


hybridization, 


isolation, 


tergradation, introgres- 


sion clines. 
History—vernacular names, scientific 
names; Plato, Aristotle, Ray, Linnaeus: 


the international commission. 


[he rules of zoological and botanical 
nomenclature. Principles of priority, con- 
tinuity, plenary powers. Legal require- 
ments—names, descriptions, sj nonomy. 


Unfortunately, m ain 
this body of knowle dge because of 
tional nature of the curriculums 
botany and zoology. 


often unaware 


any teachers do not g 
the tradi- 
‘college in 
[he potential teacher 1s 
the value of the system of 


ot 
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classification; the need for scientific names and 
their regulation; the attributes of the natural 
populations; the relation of these attributes to 


the formal requirements of the type system; 
the dangers of erroneous identifications jn 
biology. These units of know ledge can be 


readi ly incorpor: ated into the college courses 
in and anatomy, 
genetics, phy siology j 


compar: ative mor phology 


and ecology. 


Recorder's Report of Discussion on 
TAXONOMY 


The field of svstematics is of portance in 


the tr: aining of biology teachers in that it 
provides: 
1. A natural framework for the extension of 
one’s know ledge in the field of biology. 
me \ the of 


biological knowledge. 


logical basis for synthesis 


3. A useful tool for naming populations of 
organisms and drawing conclusions as 


the morphology, physiology, behavior. 
distribution, etc. of such populations. 
+. As 


experience 
and information 


and 


know ledge 


a discipline providing training 


In systematizineg 


[he subject materials and experiences that 
the training of the 
presented in the following 


should be included in 


bioloey teacher are 


outline: 


1. Collection and preparation 


( ollecting techniques. of 


Preparation 
embedded 


and 


dried, fluid preserved and 


\lethods of data recording 


specimens. 
cataloguing. 
2. Identification. 
Use of 
levels 


kevs, descriptions. valuation 
of ot 
monogr: revisions, descriptions, types. 


Artificial 


identification—handbooks, 


and natural keys. 


3. Classification. 


Characteristics of the hierarchy of 
classification. Utility of  classification— 
“filing system, relationships, phy logenies 

Linnean system. Kinds of taxonomic 


characters—morphological, physiological, 
ecological, geographical. Diagnostic \ alue 
of characters. 

[ype method. Functions of the type, 


the hy podigm, the type locality. 


Volum 


taxo 


systematics on the basis of the older concept. 
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[he new, dynamic science of systematics has evolved during the past few 
years (especially during the past decade) from the older, stereoty ped Linnean 


Many, 


nomy. 


if not most, biology teachers still tend to think of taxonomy or 


The more apparent differences 


between these two concepts are summarized in tabular form below: 


ttention concen- 


Objectives 


trated on 


Identification 


Older Taxonomy 


and 
(1.e., 


| egal \spects 


(Nomenclature 


specimens 


classification. 
what is it?) 


Single or few preserved 


New Systematics 


Identification and classification 
PLUS 

Popul: ation dynamics (i.e., why 
is it what it is?) based on -_ 
ciplines such as historical geol- 
biogeography, biodemo- 
ecology, physiology, 
life histories, etc. 


ogy, 
graphy, 
genetics, 


Legal Aspects 
PLUS 
Biological Aspects 


Living populations of plants 
and animals. 


4 speci 


Species concepts—morphologic: al, bio- 
Natural populations—char acteris- 


og1cal 


tic distributions, gene flow, isolation, in- 
tergradation, hybridization, introgres- 
( lines. 
Nomenclature. 
Historyv—vernacular names, scientific 
names; Plato, Aristotle, Ray, Linnaeus; 
ernational commission. 


it 


11¢ 


rules of Zoologic: 


and. botanical 


nomenclature. Principles of priority, con- 


tinulty 


ple nary powers. 


Legal 


require- 


names, descriptions, synonomy. 


Specific needs emphasized repeatedly in- 
uded 
| need for keeping technical nomen- 
clature at a reasonable and practical level. 
Z Ihe need for scientific names. 


The need for explaining the “why” of 


systematics as well as the “how.” 
Ihe need for teaching the prospective 
biology teacher basic collection and pres- 
ervation techniques. 
Ihe need for a working know ledge of the 
names of common local plants and ani- 
mals. 
The need for integrating the taxonomic 
information outlined above in the general 
training of the high school biology 
teacher rather than presenting it as a 
separate unit of information. 
[he need for including historical back- 
ground material throughout the biology 
teacher's training and experience in sys- 
tematics. 
Robert GERING 
Recorder 
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Physiology and Health 
R. HUNTER 
Head, Department of Physiology 
Florida State U niversity 


During the past two or three decades, 
biology has come into its own as an experi- 
[here has been a_ gradual 
transition from the descrip- 


experimental 


science. 


mental 


tive to the 
phase in all of its sub- 
divisions. The foundations 
ot embryology, for ex- 
were laid by the 


ample, 
biologist and 


descriptive 
contributions are still being 
made in this area. But more 
experimental 
been 


re cently the 


devel- 


as hav 


oped and tremendous 


strides have been made by investigators work 
ing in this field. In recent vears evidence bear- 
ing o mn basic concepts in t: Wwonomy, phylogeny, 
enet- 


evolution, etc. has been obtained from 


] 


ical, biochemical and serological studies. 


lo understand and appreciate the full im 
plications of 20th Century 
and the student must be fully aware 


biology, the 
teacher 
of the impact of 
has no sharp boundaries for it reaches out 


toward chemistry, 


experimental biology. This 


through biochemistry; 


toward physics, through biophysics, and 


toward mathematics, through quantitative 
biology. 

Phy siology is the study of the functioning 
of ¢ rganisms ind their component parts. It 
stands at the crossroads between descriptive 


biology on the one hand, and chemistry, phys 
ICs ind mathematics on the other. Not all of 
experimental biology s physiology, but very 
mg the techniques which were used 
irst by the physiologist, are now bei 1g applied 
Actually, it should 


not concern us whether w e say the man who 


to other areas of biology. 


is study ing the distribution of certain enzymes 
in a devel loping embryo is an embryologist, a 
phy siologist or a biochemist. The — 
thing to us as teachers and students of biology 
is to be in position to appreciate the gener il 
biological signific ince of such data even if we 
do not understand the details. 


Physiology is a broad field with many 


facets. Roughly we can recognize three major 


subdivisions: (1) organ system physiology; 


) 


2) general physiology, and (3) comparative 


physiology. Let us briet ly consider some of 
the most obvious implications of an appreci- 
ation of each of these areas. 
Orean 


select an 


system physiology. It is difficult to 


appropriate term to describe this 
area. Perhaps Vammalian Physiology would 
be better, but rather than labor the problem 
of what to call it, let us briefly describe what 
we mean. This is the kind of physiology with 


which all of us are familiar. It involves a study 
of how the various organ systems function, as 
for example what hap pens to food when it 
passes down the alimentary canal; how does 
the heart function and what changes occur in 
the bloed as it circulates; how do we breathe 
coordinate these systems 


\lost high 


texts have at least some 


what mechanisms 


nto a whole: and so on. schoo] 


and college biology 
discussion of this aspect of physiology, and 
with the recent emphasis on human biology 
further impetus has been given to the study 


human phy siology. 


In the broadest meanings of the terms, 
medicine is applied physiology. A doctor 


must first understand the normal functioning 


of the body before he can determine § the 


extent and ibnormal func- 


“rools ot 


possible « causes of 


I he - standard 
thermometer, the stetrhe 


tioning (diseasc¢ 


every doctor—the 


scope, the sphy omomanometer—are 
ments for testing the basic functioning of the 
body. A knowledge of human physiology, 


requisite for evaluating 
health practices With 
press concerning healel 


then, 1s a necessary 
and exercising good 
many articles in the 
and medicine, a person must understand at 
least the basic pring iples of human physiology 
in order to read intelligently. Furthermore, 
since physiology is an experimental science, 
an acquaintance w ith its methods should con 
tribute to appreciation of scientific meth 
ods. This is necessary in order to evaluate 
the many news releases pertaining to healtl 
and medicine. 

General Phy I he two re 


areas Of physiology are, for the most 


maiming 
broad 
part, completely overlooked in. the training 
of most teachers and students of biology. I his 


t= 

= 


ning 


nis 
| itl 
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results, fps from the fact that a broad 
background in physics, chemistry and mathe- 
matics is required, since general and cellular 


physiology are concerned with the physical 


and chemical aspects of functioning. How- 
ever, a knowledge of some of the basic 


principles, and the implications thereof, can 
be obtained without a complete appreciation 
f all the details. 

lo illustrate, let us consider the 
cycle. Here is a topic about which all biolo- 
which very few have any 
real know ledge. We all know that organic 
compounds containing carbon are originally 
synthesized by green plants in the process 
called photosynthesis, and are subsequently 
broken down into carbon dioxide by both 
ints and animals in the process called respi- 
addition, we all know that the 
breakdown occurs in a stepwise fashion, that 
enzymes are necessary, and that energy is 
during the process. But how many 
of us are familiar with the details of glycolysis, 
the Krebs Cycle, the terminal oxidative steps, 


Ca rl on 


talk, but of 


pl 
ition. In 


released 


the role of phosphorylations, etc.> [he im- 
portant thine is not to memorize “all of the 
cal — involved in respiration, 


but rathet » have some feeling for the role 
enzymes the formation of molecules 
with high energy bonds, the overall complex- 


itv of processes, etc. 


We all teach a great deal about vitamins, 
but how many of us actually have any idea 
ff how vitamins function in the body: Lhe 


jochemiust in his studies of respiration has 
discovered how the B-vitamins function in 
enzvine systems. The details of this story are 
nportant to the student and teacher 


of biology as is the fact that some vitamins, 


it least, do function in this manner. Many 
other similar examples could be given, but 


this should serve to illustrate the fundamental 
importance to all biologists of general physi- 

Comparative Physiology—The emphasis of 
this area of physiology is placed on a com- 
parison of the functioning of a particular tv pe 
of cell, tissue, organ, or organ system 1n repre- 
sentatives of many phyla of animals. Evidence 
trom this field is of increasing importance in 
indicating phy logenetic relationships. For ex- 
distribution of certain organic 
phosphates in the echinoderms and protochor- 


dates supplies data of interest in a consider- 


the 
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ation of the origin of the vertebrates. Studies 
such as those of the photochemical reactions 
in the rods and cones of various vertebrates 
make a real contribution to general problems 
of the origin of vertebrates. 

In conclusion, then, the training of a 
teacher and a student in modern biology 
should include a great deal more emphasis on 
experimental biology than many of us have 
had. Not only should we be aware of the 
basic facts concerning the functioning of an 
intact organism such has man, himself, but 
also we should be able to appreciate some of 
the aspects of function at the cellular level 
and the implications of a comparative study of 
functioning 


Recorder's Report of Discussion on 


PHYSIOLOGY AND HEALTH 

Biology as a science Is becoming increas- 
ingly analytical, experimental, phy siological 
and integrative. Certain important descriptive 
contributions will continue to be made, but 
more and more advances in the field are 
analytical. All teaching of biology at every 
educational level must. reflect. this trend. 
Orherwise, teachers will fail to prepare their 
students to understand and apply modern 
biology. 

\mong teachers’ needs, if they are to do 
this job properly, is a stronger training in 
physiology than very many have hitherto 
received. Life is functional; physiology is 
basic to an understanding of biological sys- 
tems as dynamic Physiology also 
provides opportunity for giving students 
other types of needed experiences, including 
illustrations of a quantitative aspect of biology 
and the opportunity to learn scientific meth- 
ods — activities. Since teachers, by and 
— teach from the background of their own 
learning, they can give their students essential 
and accurate information, know ledge and ex- 
periences in this area only if they are them- 
selves adequately trained in phy siology. 

Desirable training in phy siology should in- 
clude three broad areas with some such list of 
subtopics as: 

1. General physiology 
a. energy , relationships: chemo- and 
photosy nthesis and cell metabolism 
b. diffusion and permeability, including 
water and salt balance 
c. electrical and irritability phenomena 


systems. 


ot 
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d. mechanisms of growth and develop- 
ment 
2. Mammalian organ-system physiology 
a. functions of basic organ systems inte- 


grated with embryology and mor- 


phology 

b. health training 
human phy siology 
social and 


derived as applied 
plus human ecol- 
ogy (including psycho 
logical factors) 
3, Comparative physiology 
a. comparisons of basic life functions 
nutrition, 


and locomotion, etc.—amone micro- 


internal transport, motion 


organisms, plants, and animals. 
\lany teachers ot high school and oe 


biology are inadequately prepared i 

general physiology. Factors responsible for 
this delicieaers include: the new and rapidly 
changing character of the field, unawareness 
of its significance on the part of curriculum- 
planners and administrators, and the need for a 
sound background in the physical and bio 
logical sciences 
of 


era 


Is prerequisite to the study 


general physiology. 
: 
i 


lhe principles of gen- 


physiology are basic in understanding 


every aspect of the lives of organisms and 


can be taught effectively in general biology. 


The teacher must be prepared to distill the 


essentials and incorporate them in general 
courses. 

Some of the gene il physiology 
the prospective teacher should appear in bid 


college course in general biology. Its siren 
is justified even if this necessitates the com- 
pression of some traditional topics. For ex- 
saved by 


ample, time can be integrating 


physiology and morphology in_ instruction. 
Risies students learn some human physiology 
from elementary school on, parts of this can 
be condensed. At this level, the needed infor- 
mation in physics and chemistry can easily 
and quickly be presented where needed to 
interpret general physiology. So deficient 
know ledge in the 
barrier. Indeed, 

see how this can be done, since th rey will have 


physical sciences 1S no 
prospective te: ichers should 


to use similar methods in their own teaching. 
Ideally, the curriculum for the teacher of 


biology should include chemistry through 


organic, basic college physics, some mathe- 


matics and one or more advanced courses in 


physiology. If time permits only one such 


course, it should include a proportionate 
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amount of all three subfields. It should cer. 
tainly not be restricted to human physiology 
Human 
physiology is Clearly essential. It is satisfying 


as is too often the current pr actice. 


to find that colleges now generally provide 
good courses in this subject for the teacher 
and that such instruction will continue. How- 
ever, where time does not 


and human phy siology 


permit separate 
general, Comparative 
courses, the combined physiology Course js 
preferred to one in human physiology. The 
organ system material can often be somewhat 
condensed to inclusion of general 


aspects. Extensive preparation in comparative 


permit 
physiology is least essential, but some should 
appear for it wil! enable the teacher to inter- 
pret other areas of 


biology —dev clopment, 


ecology, phylogeny, evolutionary dynamics— 


ona phy siologica | basis. Much of compar ative 
physiology can . woven into other biology 
courses presented to the teachers. 

Wherever physiology appears in courses for 
teachers, instructors should make special ef 
forts to employ simple experiments and other 
teaching aids, often making use of readily 
available materials, experiments ind projects 
that teachers can carry over into their own 
practice in inadequately equipped classrooms 
with more elaborate 


valuable also. The teacher will 


equipment 
and methods ts 
then know how to use such equipment if it 
it least can explain its use if 


it is unavailable. The broadly trained teache 


is available, o1 
is best able tO stin ulate, counsel and guide 
interested and talented students who may em- 
bark on special work or be led into biological 
careers. Teachers in service also urgently 
need handbooks of suitable experiments and 
aids in physiology, and other newer areas in 
biolos vy. If biologists themselves do not meet 
this demand, those not qualified will attempt 
it to the detriment of sound biology teach ing 

Finally, it is contended that the biology 
teacher 1s the person best qualified to give 
health instruction. Based on a sound back- 


eround, which human physiology and 


are ot special the good 
idapt and orient 


needs of the students in 


ecolooy 
teacher can be expected to 
his knowledge to the 
solution 


such a course. This should provide 


for the inadequate health instruction which 1s 
so widely prevalent today. 
RICHARD PAULSON 


Ri 


Keology and Conservation 
ROYAL E. 


Professor of Botany 
University of Tennessee 


basic biology in a 
curriculum is ecological. 
that it can contribute 
effectively to man’s adjust- 
ment to his environment 
has biology been able to 
reoccup)y a respectable po- 
sition in the public schools, 
after the virtually complete 
displacement of earlier de- 
scriptive botany and zo- 
ology a generation ago. 
From this" point of view 
certain interrelated assump- 
tions are mae which have 
implications in te; acher training: (1) that an 
landscape, as well 


justification for 
education 


The 
general 
Only on the 


basis 


awareness 
1 desirable 


physical, is general education ob. 
jective; (2) rs it is appropriate for public 
concern with the population and resource out- 
ook to continue to increase; (3) that an 
ecologica point of view 1s important in our 
culture, which has now left behind the pioneer 


exploitative phase with its “ever-expanding 


economy; and (4) that it is essential for man 
to see himself as part of the community of 
iving things w hose control he has assumed. 
These implied objectives may be ap- 
proached in three general w avs: (1) through 


the underlying philosophy and pers ading 
point of view in the training program to 
prospective teachers are exposed, (2) 

breadth of training of prospective 
teachers; and (3) through specific experiences 


vhic h 


throug! 


which prospective te: ichers may pass on, in 
some degree, to their own students. All three 
of these approaches are important. Each 1S 
most effective in combination with the others. 


Perhaps the most fundamental contribution 
ot ecology to education is its integrative func- 
tion. With its focus of attention on the rela- 
between living organisms and _ their 
it bridges the artificial 
but traditional gap between phy sical and bio- 


ogical sciences. When it is projected through 


sical environment, 


value judgments into a conservative program, 


it enters the area of social science, breaching 


n even stronger traditional barrier, and tap- 


+ 
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ping the effective motivation of enlightened 
self-interest. 

Only the most hide-bound traditionalist 
would today deny the usefulness of an eco- 
logical point of view as a vantage point from 
which such integration of the phy sical and 
biological might be accomplished, and as a 
springboard from which conservation of re- 
newable resources might be logically ap- 
proached. But without something to integrate, 
without a broad base on which to erect the 
conservation application of fundamental ecol- 
ogy, the whole program collapses for want of 
substance. The problem is a familiar one in 
teacher-training programs—“too much time 
learning how to teach, too little time learning 
what to teach.” The following statement, 
quoted from a recent popular botany text- 
book, is pertinent: 

“The science of ecology is one of the 
most expansive and intricate fields of biol- 
ogy: it involves the consideration of exceed- 
ingly complex factors and relationships, and 
its searching and discriminating study re- 
quires extensive field experience and a 
formidable background in taxonomy, plant 
physiology, chemistry, physics, geography, 

mathematics (with particular em- 
phasis upon statistical procedures), meteor- 
ology, and soil science.” 


geology, 


| am glad to be able to quote this statement 
from authors who are not themselves ecol- 
ogists, for it illustrates the increasing recog- 
nition in modern textbooks of the integrative 
role of ecology and the importance of breadth 
of training in related fields for proper ex- 
ploitation ‘of this very useful central theme. 
Ihe modern texts in botany and biology have 
led the in this direction, and the re- 
visions of older texts have often followed suit. 
Evolution and the history of life on the earth 
were the culminating generalizations of tradi- 
tional courses with morphological emphasis. 
But with the swing toward more practical 
courses, easier to justify in general education 
and more useful to the applied fields, physi- 
ology and its ecological applications came to 


move 


noe 

iC] 

1S 

al 
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occupy more and and tended to 
crowd comparative morphology into a more 
compact survey. Evolution and paleontology 
came to be treated as applic: ations of 
and ecology, 
an understanding of 
human land use, and its 
future which we call con- 


more space, 


more 


genetics which were needed to 


set the stage for present- 
nto the 
and ecology became the 
ino theme of the final chapters, with economic 
conservation as its ultimate ap- 


day biogeography, 


pre ction 
servation, culminat- 
biole and 
plicat ions. 


It is doubtful if anyone would ary 
for breadth of training, but in actual 
in the 
curriculum, we may as well admit that a good 


of the ideal courses will be left out. It 


argue against 
the case 
competition with the “vested interests” 
many 
iS suggested that the practical answers to this 
directions: (1) 
based on 


problem may lie in several 
eirective 
familiarity of the 
available, and willingness to assign 


available 


more vuidance, oreater 


advisers with the courses 
f priority 
ratings to the courses particular 
institution with respect to the individual stu- 
dent’s background and needs; (2) discourage- 
ment of premature specialization in a phase of 
biology at undergraduate level, at the expense 
of bre adth, 


tions 


perhaps requiring in some institu 
1 special curriculum accepting a higher 
than usual proportion of freshman and soph- 


omore subjects; (3) pla nning of the more 
general courses, such as es wy and geog 
raphy, hich have some license to cross inter 


disciplinary boundaries, so as to provide for 


filling of the background con 


attention to 


usua Laps, 


siderable meteorolog\ soil 


science is thus given In many ecology courses; 
the curriculum 
fixed 


(4) periodic reexamination of 
attention to competing 
lioht of 


with special 
requirements, 1n the 


field. 


actual teacher 
experience in the 

\lost of our educational philosophy and our 
basic techniques as teachers stem from our 
earlier [he training 
program owes preny yective teachers not only 


experiences as students. 
perspective and bacl ground from which judg- 
ments be made and que ‘StIONS answered, 
but also specific experiences which may be 
later their students. Field 
important in this connec- 


shared with own 
work is espe cially 
tion—familiarization with the conspicuous bio- 
logical elements on the landscape, recognition 


of habitat restriction of organisms, recognition 
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of communities and something 


observation of 


of their organ- 
light. 
contrasting 


dynamics, 
differences in 


ization and 
moisture, and soil 
habitats. Certainly 
preparation 


no teacher who has been 
reasonably 


field 


denied such can be 


expected CO conduct an effective pro- 


oram, or even to wish to do so. 


remedial 
the ce mnserva- 


In this connection an excellent 


contribution has been made by 
tion ¢: amps and workshop s which have sprung 
up in the last few years under various spon- 
SsOrs. Although almost universally handic: apped 
by the ereat “differences in level of preparation 


among their roo few parti Cipants, and some- 


times satisfied with what appears to be a 


superficial level, they have succeeded in intro- 
ducing many teachers to field experiences and 


sources of information and assistance, @enerat- 


ino strone enthusiasm not infrequent 


interest in further basic work. 


evident that conservation will be 


The public is concerned with popula- 


It is 
taught. 
tion and resource problems and this concern 
with the fore and aft 
and fear. It 


1ologists, 


will inevitably increase 


idealism conserva- 


motivation of 
} 


tion is not 
eco logic: of view, it will 


taught from an 


be taught, or 


manipulated, | others with far less adequate 


The door 1s open, the pathw: 1S 


clearly blazed: 


preparation. 
already 


opportunity and re- 
sponsibility for biology lie 


ahead! 


Recorder's Report of Discussion on 
ECOLOGY AND CONSERVATION 


At this point in the “time dimension” there 


is agreement that the ecological ap proach to 


biology teaching is the general education ap- 


proach. On this matter, the groups accept 
Dr. Shanks’ statement that “The basic justi- 
fication for biology in a general education 


curriculum 1s ecolos oical,” 


the most fundamental contribution of ecology 


and that, “P erhaps 


to education is its integrative function.” 


[here is also agreement that the acceptance 


of the ecoloey-conservation point of view 


involves: 


an undergirding of much fundamental 


knowledge 


4 


2. first hand experience, including field ob- 
servations and experimentations 
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: the individual differences and needs of 
organisms, including man 

4, the ability to reserve judgments and to 
weigh values 


5, the making of value judgments. 


In committing themselves to the ecology- 
conservation point of view, and to the point 
of view that the biology teacher is the person 
to handle this work, the next logical question 
iss What training does a teac her of biology 

e successful operation in an ecological 

ting? Among the answers to this question 


‘perience and training in the various 
eas of both the biological and physical 
sciences. In this training it is better to sacrifice 
depth rather than breadth. This training 
should include enough fundamental informa- 
tion to set the stage for intelligent ecological 


decisions. 


\cquaintance with the immediate en- 
ironment. 

[raining in the making of value judg- 
nents. The tendency of scientists is to delay 


the making of value judgments. In_ spite of 
this, they must keep in mind that they have 
the responsibility to give their students a 
“decision basis” for the solution of our eco- 
Ogi ind conservation problems. 


\s to how fundamental knowledge can 
best be gained, many have the feeling that it 
should come through an ecological situation- 

ictual first hand experiences in natural habi- 
ne feel that this basic information 


night best be gained through other ap- 


tor 
tarts 


proac hes. All are in that ecology 
can be used effectively as a “binding material” 
for a meaningful study of ae often divergent 
reas of the biol Ogic al and physical sciences. 


What means can be used to extend the edu- 
tion of teachers now in service? It was ad- 
nitted that teachers cau be educated. Much 
can be done on their own by keeping up with 
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the research projects being carried on by 
individuals, corporations, as well as state and 
federal agencies. The biology teacher stands 
in a str ategic position to weld the contribu- 
tions of these agencies into meaningful situ- 
ations. In addition to regular graduate work 
in the subject matter areas, workshops are 
considered valuable means for the improve- 
ment of biology teaching. The reading of 
somewhat simple lay books, with the ecology- 
conservation slant, is advocated. In the train- 
ing of in-service teachers two things are felt 
to be of great significance: (1) the inclusion 
of field work and (2) the omission of highly 
technical terminology. 

After he has the essential training, how can 
a teacher include ecology in a crowded cur- 
riculum? First of all they need to evaluate 
the present biology program. Perhaps with a 
fresh point of view and more efficient use of 
time, the fundamental materials, now found in 
the texts, can become more meaningful in an 
ecological atmosphere. 

Karly natural history courses were con- 
cerned chiefly with the “Environment” and 
“What the Organism Does,” with little con- 
cern for the “Internal Conditions and Proc- 
esses.” Ecology involves a complete picture. 

\ competent biology teacher, with broad 
training in fundamentals, will be challenged 
by the many opportunities to teach phy siology 
offered in presenting the process of photo- 
synthesis to his class. Accepting this challenge 
will lead to a more vitalized course, with the 
fundamental biological principles taking on 
meaning even for the average student. 

What should the results be? Biology taught 
in an ecological setting should cause the stu- 
dent to feel at home in his environment, with 
all this involved. He should also have a better 
basis for value judgments with all their social 
implications. 

MALvINA TRUSSEL 
Recorder 
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Summary of the Scientists’ 
HOWARD M. 


Contributions 
PHILLIPS 


Dean of the Graduate School 
Emory University 


One of the may r objectiy es, identified for 
the participants of the Southeastern Work 
Conference on the leaching of Biology, in- 
volved a study of the contributions of the 
various biological 
utilized in developing a set of basic principles 


sciences which could be 
and experiences considered essential for biol- 
ogy teachers and pupils. In order to emphasize 
the recognized needs, particularly from the 
standpoint of modern concepts and theories, 
SIX scientists representing six areas of biology: 
(1) heredity and development, (2) evolution 
and ange ch (3) morphology, (4) tax- 
onomy, ( ) physiology and health, (6) ecol- 
ogy and conservation—were asked to prepare 
papers and lead discussions pertinent to par- 
ticular subjects and their relationships. The 
group of participants was divided appropri- 
ately into six “vertical” sub- groups of approx- 
imately equal, varied representation. 


Early in the Conference, it became increas- 
ingly clear that the crux of the major objec- 
tives resided in the teacher, the pupil, and the 
relationship between the two. Contributions, 
were based on an idealistic-realistic 
Ihe potentialities 


therefore. 
approach by the scientists. 
well-educated individual were 


of the espe- 


cially emphasized. 
As an 


proper attitudes and concepts relative to biol- 


aid to the teacher's development ot 


ogy, it was emphas ized that efforts must be 
made to capture the interests of a youth at an 
early stage of his development. One of pw 


most complex Processes known to man 1s the 
education of the growing and maturing human 
being. The acquisition of additional knowl- 
edge and advancements in science certainly 
Ihe subtle, 
which 


have not decreased the complexity. 
often intangible, human 
result in the creation of 
have to be 


experiences 
ideals, and 
vital 
importance, since their multiple effects are of 
far re: aching quality. Lhe 
tellectual discipline and 
to supplement the stimulation and enthusiasm 
engendered in the educational process of the 
biology teacher was recognized 
important contributions of the scientist. 

a highly 


ideas, 
aspirations considered of 
necessity for in- 


exact performance 


as one of the 


Biology is a body of knowledge of 


organized nature. It can not be resolved into 
a single subject or course. The field has been 
characterized by dividing, subdividing and 
“splintering” ’ to the extent that it has lent itself 
to over-specialization and “discontinuous” 
classification. The problems associated with 
this particular science have become further 
complicated, according to 

as a result of its becoming increasingly analy- 
tical, experimental, 
view point has been expressed that, 
is manifestly impossible for any 


dividual to become com petent in more than 


some view points, 
and phy siological. The 
“4 oday it 
single in- 


one—or at the most a few—fields of knowl- 
edge. In our modern social and economic 
structure, progress and productive activity 


depend upon division of labor in intellectual 
as well as the his statement 
has been presented as a Warning to some of 


other skills.” 


the conferees who insisted “adequate 
know ledge in all areas.” 
imply the lack of a need for 


integr ation in all educational! programs. A ctu- 


upon 
lhe warning does not 
synthesis and 


ally, there have been some encour aging devel- 
opments in this direction at this conference. 
belief of the group that 


It was the definite oO 


“general education” could be accomplished at 
the high school and college levels, provided 
the requirements were not too intensive in any 
On the hand, we can not ex- 
pect the teacher to acquire all of the skills, 
techniques, and accumulated know ledge in all 


one area. other 


areas of learning. 

One of the most interesting and fascinating 
aspects of the reports and discussions of the 
roup of 

I here 


arguments proposed 


scientists was the way in which a 


specialists quick ly became gener: ilists. 
were 


to provide for the use of any one of the areas 


some interesting 


an integr ated course 
The effec- 


as the one around which 
or curriculum could be developed. 
tive manner in which these ideas were pre- 
sented has probably resulted in 6-way, split 
personalities among Paradoxi- 


when 


the conferees. 


cal situations were created, however, 


each scientist, in an attempt to be fair, insisted 
that the individual subject could be integrated 


without specific reference to the area by 


name. Additional complications arose as a 
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result of a certain amount of pressure from 
the scientist to treat each area as a recogniz- 
able, distinct discipline. 

In the area of genetics and development, 
mitotic and meiotic pheonomena, life cycles, 
internal and external environments received 
special attention. The extent to which these 
should be studied was emphasized in each 
case. Minimal knowledge of the following 
was recommended for teachers: (1) Mendel’s 
(2) polyhybrids, ( 3) sex inherit- 
ance, (+) linear order of the genes, including 
linkage "and crossing over, (5) mutation, (6) 
biochemical genetics, (7) polygenes and the 
multiple effects of single genes, (8) radiation 
effects on the hereditary mechanism, (9) pop- 
ulation genetics, (10) human genetics and 


basic 


eugenics. 

The study of evolution and paleontology 
emphasized the importance of time and the 
continuity of change in the living world as 
two of the most important fundamental con- 
cepts In the te aching of evolution. It was also 
pointed out that even the most — species 
now alive-are the products of 1 long period 
of evolution, and therefore are not as simple 
as their original or primitive ancestors. 

The teacher’s position in certain localities 
where there is a strong anti-evolution bias in 
1 difficult one. He should 
always recognize, however, his responsibility 
to help and encourage students through 
periods of difficulty associated with their 
ideas of a religion-evolution conflict. The 
teacher should always make clear to the stu- 
dents his own position concerning evolution. 

Evolution and paleontology were presented 
on the basis of two fundamental assumptions 
of the scientist: (1) that the universe as a 
whole displays order, and (2) that man has 
reached a sufficiently advanced stage in his 
own evolution to enable him to examine, 
interpret, and understand that order. The 
fundamental concepts of organic evolution 
were identified and discussed. The concepts 
and information contributed by paleontology 
were recognized and ev: aluated. 

Phe generalized view was held “that from 
original form of life, or from a 
relatively few original forms, of very simple 
organization, other forms of greater complex- 
ity have, in some manner, been developed; 
that from these forms still others, mostly of 
greater complexity, but sometimes of simpler 


the community is a 


1 single 
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organization, have been developed in a similar 
manner; that this process has continued at 
varying rates but without interruption from 
the time of the beginning of life on the earth 
to the present time, and is now going on; and 
that all known organisms, both extinct and 
living, both plant and animal, have arisen in 
the same way. 

Morphology’ S primary place of import ance 
was assigned to its role “as a tool by which it 
forms the foundation, the superstructure or 
the protoplasmic bricks” for the various topics 
of study which seem to be essential in biology. 
For many years morphology, especially de- 
scriptive ‘morphology, play ed a very promi- 
nent role in biology. Emphasis during dis- 
cussion sessions was placed on the need for 
(1) a better balance between morphology and 
the other areas of study, and (2) inclusion 
of the more modern approaches and methods 
in the teaching of morphology. 

The following principles and concepts were 
considered necessary for the teacher: (1) 
knowledge or organ systems in representative 
organisms, (2) levels or organization from 
the simple to the complex, (3) symmetry, 
metamerism, and cephalization, (4) regional 
differentiation, (5) cells and the division of 
labor among cells, (6) homology, (7) the 
organism as an end product of heredity and 
environment, (8) morphological evidences of 
evolution, physiology, and taxonomy. 

laxonomy was described as “the new, dy- 
namic science of systematics which has 
evolved during the past few years from the 
older, stereoty yped Linnean taxonomy. The 
field of taxonomy should provide: (1) a 
natural framework for the extension of one’s 
knowledge in the field of biology, (2) a 
logical basis for the synthesis of all biological 
know ledge, (3) a useful tool for naming 
populations of organisms and drawing, con- 
clusions as to morphology, phy siology, be- 
havior, distribution, etc. of such populations, 
(4) a discipline providing training and ex- 
perience in systematizing know ledge and in- 
formation. The subject ‘materials and experi- 
ences should include: (1) collection and 
preparation, (2) identification, (3), classifi- 
cation, (4) speciation, (5) nomenclature. 

Since life is functional, phy siology was pre- 
sented as basic to an understanding of biologi- 
cal systems as dynamic systems. Desirable 
training in physiology should include at least 
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three broa d areas: 
including energy relationships; photosynthesis 
and cell matabolism:; diffusion and perme: abil- 
itv; electrical and_ irritability 
of growth and development, (2) 


(1) gener al physiology, 


phenomena, 
mechanisms 
mammalian includ- 


ino functions of basic organ systems inte- 


= 


org@an-system phy siology, 


grated with 
health training as pp lied to human phy siology 


plus human ecology, (3) comparative physi 


em brology and morphology; 


ology including 
functions: nutrition, internal cr: INSPOrt, motion 


comparisons of basic life 


and | 


In addition to these basic areas, it was con 


education 


through organic, basic 


sidered necessary for the teacher's 
to include chemistry 
college physics, some mathematics, and one 
or more advanced courses in yhysiology. \t 


least one course should be 


taken that 


in physiology 
would include a proportionate 
amount of all three sub-fields mentioned 
above. An inclusion of an ee ot 
“clearly 


human physiology was considered 


venerally ; 


essential.” It w ereed that instruc- 


tion in health should be given by a biology 
teacher. It w concluded that the area ot 


health education presented a real problem; it 


is an area in which the need for great im 
pro ent 18 pparerntt 

he importance of ecoloey as an integra 
tive scien p cularly stressed, and the 
sugoe ne ly idopted by the con 


terees \n icceptance oF the ecolovy-consel 


vation point of view involved 1) an unde 
OITaineg Oo! fundamental know ledge, 
2 irst ind experiences, including — field 
observations and experimentation, 3 the 
individual! difference and needs of organisms, 
including man. the ability to reserve jude 
ment and wei¢ wlues, (5) the making of 
vali ud ent 


n order to operate in in 


“ecological setting,” the teacher would need 

experienc nd training in the various 
areas of bot the biological and physical 
sciences, (2 icquaintance with immediate 


environment, (3) training in the making of 


value judg@ments—an area of cerebral activity 
usually ignored or deferred by most scientists. 


In the training of in-service teachers, two 
things are thought to be of great significance: 


(1) the inclusion of field work, (2) the omis- 


technical terminology. 


sion of highl 
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In general, the conferees were satisfied with 


the selection and presentation of the six 
areas. There were several threads of thought 
which characterized the discussions in all of 
the committees. Particularly emphasized were: 


1) colleges and universities must 


assume 
responsibility for in-service training of teach- 
ers of biology in order to build up the breadth 
of training necessary for te: ching or syn- 
the esIZINg topics; special courses 1n biology 


and science workshops, requiring no pre- 


requisites and which would receive graduate 
credit were recon mended: 3) the need for 
integration and synthesis in all courses and 
programs in biolog\ - (+) at the present, there 
is a lack of interest in laboratory work. 
especially at the begin ining college level. | here 
is a need, therefore, tor providing an entirely 
new, and perhaps unique type of laboratory 
experience; | 4) to mmpress on all teachers the 
fact that science 1s not final nor are so-called 
authorities final: (6) the need to know why 
as well as how: )} an admission. that. the 
teacher can be taught: (8) the assumption 


that the scientific method is not a “sacred 


\lany contributions have been derived from 
Section I. Perhaps the greatest possible con 


tribution would come as a_result of the 


adoption of the program of biology discussed 
ind approved by r conterees. With only 

re\ exception owever, programs ind 

i 

courses of this type do not enist Admittedly, 
courses m Venel botany. 
ind ZOOLO cou ut ind en 
con pass the id¢ leals and concepts, and 
prin pies sug¢vested, Dut the sin question 


iW be asked—Do thev?> Not if we insist that 


the Ind Concepts, and their integra 
tron, ipplied ( usively cither to plants 
I 
() to anin ils 


What ever the scientist may offer as con 
tributions to the education ot the teacher. 
two ingredients, quality and high standards, 
should 


become  inseparabl parts. Quoting 


from a recent bulletin of the University of 
Wisconsin: “Universities have a double task 
educating responsible citizens and providing 
the means by which man can continue to lift 
himself from ignorance. Someone has said 
that the only way a student can acquire the 
ability to think is to be associated with a 


teacher who thinks 
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PART II Identification and Selection of 
Problems in Biology Teaching 
Section A 


The Public 


prepared from requested papers 
Southeastern Work Confer- 
Teaching. 


A summiar\ 
submitted to the 


ence on Biolog) 
Individual papers were written by: 
ANNIE Sut Science 
Atlanta City Schools, Atlanta, 
\Irs. Atpina S. Gates, Baton Rouge 
School, Baton Rouge, Louisiana 
C. R. Hacer, Superintendent 
County, Nicholasville, Kentucky. 
Biolog) Teacher, Hills- 
High School, Tampa, 


Brown, Coordinator, 
Georgia 


Hich 


\iary-Rusy 
borough 
Florida 

B. L. Ricks, Science Teacher, West Point 
High School, West Point, \lississipp1 

Lhe summarizing of the information pre- 

sented by the five papers concerning some of 
the basic problems that must be faced by 
the biology teacher in the total school pro- 
gram has ‘shown the need to analyze the posi- 


JOHNs, 
senior 


tion of the teacher. 


certain limiting elements, the 
procedures to help the student 


with his environment as a 


In spite of 
formulating of 


dev elop a oneness 


citizen depends upon the personality of the 
teacher. The teacher serves in a dual role. He 
is both the product of the university and 


important contributing factor in the continu- 


ous chain into the universities. It is evident 
that people in the 
must not only manufacture 
product but must help the end product, the 


high school teacher, to meet the complexities 


higher levels of education 


a better teacher 


of his problem. 


1. Availability of teachers with adequate 


training in biology 

The lack of teachers with adequate training 
in biology is not necessarily a problem con- 
certification but rather 
ion. In some cases inadequately pre- 
In other 
not 


cerned with with 


qualificati 
pared teachers are teaching biology. 


cases well qualified biology teachers are 


teaching biology because of local situations— 


yet no plan has been made to utilize such 


School Program 


[here is a definite need to handle 
at hand before encouraging too 


teachers. 
the material 
large a number of 
demand for biology teacners. 
2. Kelationship of 
program 


biology majors with no 


biology to the rest of 


| he biolog \ IS 


recognized 1 


of generally 
1 planning the school program— 
yet it has “brah isolated. In most schools ade- 
quate plans have not been made for its inte- 
gration in the total The 


individual teacher is generally concerned with 


school program. 


Integr: ition of the science program but not the 
total school program. 


3. Adequacy of coverage of important con- 
tent areas in biolog) 
Coverage of content areas in biology has 
been developed either by following a well 


selected text or by cooperation ot teachers 


and consultants working out definite units 
thought to be essential in any biology course. 
some of the areas to be cov ered have been 


determined in summer workshops under the 
vuidance of trained personnel. 


4+. Adequacy of texts and other materials 
\lost teachers depend upon their resource- 
biology text with 


In some 


fulness to supplement a 
good material from reliable sources. 
mnstances the classroom teacher has been asked 


to assist in the selection of a new biology 


texts are issued free 


text. In states where the 

to the student, new texts do not quickly 
substitute for the “out-of-date” book. Most 
teachers feel textbook material, in general, 


ade quate. 


5. Adequacy of 
stud) 


armory, 


{ pu jit 
outdoor areas 


Amount of equipment in a school labora- 
tory does not create a problem for the teacher 


well trained in laboratory techniques. Very 
often the lack of space caused by the small 
size of room or by the use of the room by a 


phy sical science teacher does not cause a seri- 
Students 
assist in the development of a { 


are encouraged to 


ous problem. 
ood laboratory 


+0) 
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Quite frequently time is a limiting element 
in preventing use of outdoor study areas. 
Many s¢ ‘hools divide the school day into fifty 
or sixty minute periods. 


Extended field trips during the school day 
are very difficult to include in the biology 
planning. Securing transportation, in most in- 
stances, 1S not possible. Orher departments, 
emphasized by public interest, in many Cases 
ire allotted most of the free school time avail- 
ible for extended field trips. 


6. Effectiveness of biology program in meet- 
needs and interests of students. 


The needs of the student are not always 
easy to determine. Needs are sometimes de- 
fined as being a matter of selecting a vocation 
or the ch \OOsINg of a college to continue work- 
ing saa this end. Some teachers feel that 
the student should be guided in learning how 
to meet his social responsibilities. 


1 dearth of understanding be- 
tween educators at the secondary and college 
evels as to what the needs are. The teacher 
often finds himself in the position of either 
fitting a student to meet certain specialized 
requirements, or of fitting him gen- 


There exists 


colle 


erally to meet life’s responsibilities. 


Effectiveness of testing and evaluation 

1717 CS 

Several types of testing and evaluations 
ippear to be used by the teacher in the 
second school. Some tests are very formal 
being given at the completion of laboratory 
vork, units and one six weeks’ periods. Other 
teachers are not guided in the type of test 
used, but are “left to their own devices.” 
There is some doubt in the minds of many 
teachers about the effectiveness of present 


testing and evaluation methods. 


8. Assistance, leadership and supervision by 
istrators 

\dministrators do not provide enough 
leadership in the field of science, but this is a 
budgetary problem and not due to lack of 
interest School funds do allow the employing 
of a limited number of supervisors. Adminis- 
trators and supervisors are as helpful as time 
ind number permit. Where there is no certifi- 
cation for supervisors there is little or no 


attempt to help the teacher with his problems. 


Summary by Mary-Rusy Jouns 


Section B 
Special Problems in the Training 
of Biology Teachers 


A summary prepared from requested papers 
submitted to the Southeastern Work Confer- 
ence on Biology Teaching. 

Individual papers were written by: 

Husert B. Croucn, Professor of Biology, 
Tennessee State University, Nashville, 
‘Tennessee 

Ray Derrick, Head, Biology Department, 
Appalachian State Teachers College, 
Boone, North Carolina 

W. G. Erwin, Biology Department, North- 
western State College, Natchitoches, 
Louisiana 

Wittiam Owstey, Professor of Biology, 
Morehead State College, Morehead, Ken- 
tucky 

W. W. Wyarrt, 
cation, University of 
ville, ‘Tennessee 


Associate Professor of Edu- 
Tennessee, Knox- 


\dequate coverage of essential biological 
information in teacher preparation is a neces- 
sitv. In a recent (1952) survey, the Federal 
Office of Education found that only 59% of 
the high school biology teachers have a col- 
lege major in the biological sciences. More 
adequate training of elementary school teach- 
ers in the life sciences is also needed. L imiting 
factors in attaining adequate coverage of 
essential information are: (1) the typical and 
traditional course offerings, (2) the increasing 
demands for more general (“liberal arts’) 
education in the undergraduates’ total pro- 
gram, (3) the minimum “certification require- 
ments—which encourage superficiality in biol- 
ogy teacher education, (+) the tendency to 
employ and assign teachers to areas in w ‘hich 
they are not qualified and, (5) the paucity of 
upper division biology courses in summer 
school programs. 


[he training of biology teachers generally 
can be covered adequately in schools which 
permit a single major. In many colleges, how- 
ever, teacher preparation is only one of the 
school’s several functions. Factors such as 
staff load, laboratory facilities and budgetary 
considerations limit the scheduling of courses 
which have particular value to prospective 
biology teachers. 
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Overspecialization is a problem. \lore gen- 
eral training in both zoology and botany 1s 


needed. Rapid increase of biological know!l- 
edge has made the selection of teaching mate- 
rials increasingly difficult. Criteria are needed 


materials for teaching 


for the selection of 
essential biological know ledge. 

Suggested programs for educating biology 
numerous. 
for the 


with supe rvision and conferences, 


teachers are [here is a growing 


appreciation importance of student 


teaching, 
under the direction of an outstanding teacher. 

he fact that manv academic teachers have 
had little or no professional educational train 
ing becomes doubly important because most 
high school teachers mutate their college 
teachers reg irdless of other training. 

Limiting factors in making available the 
most desirable kinds of student teaching ex- 
insufficient time spent 


periences include: (1 
student 


in student teaching, (2) too many 
teachers per supervisor, | 3) inadequately pre- 
pared supervising teachers and, (4) inadequate 


library. laboratory and classroom facilities. 


Other outstanding needs include: (1) biol- 


ogy teachers ined to stimulate interest in 
their students for the field of biology, (2) 
more graduate courses designed specifically 
improving the 


secondary school biology 


teaching competence of 
3) train- 
ing prospective high school biology teachers 


for 
teachers, 


well as to make maximum use 
and, 


to improvise as 


of free and teaching aids 


inexpensive 
(4) to encourage—rather than discourage 


superior students to become teachers. 


It is generally conceded that about one-halt 
of the work for the baccalaureate degree 
should be devoted to science courses. The 
problems concerned with certification of 


biology teachers are numerous. Several states 


but not in biol- 


[he possibility of certification of teacl 


issue certificates in “science” 
ers on some basis other than traditional course 
hours should be considered. It is probably 
more important to work tow ard enforcement 
of existing certification requirements than to 
increase minimal! standards at present. 


\lost 


equipped for the training of 


larger colleges are adequately 


high school 
biology teachers, but many smaller schools 
are not. Many 
trained to train bio! yey teachers. One of the 
of biology 


not. teachers are not adequatley 


most urgent needs in the trainin 
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teachers 1s the Improvement of teaching and 


supervisory personnel at the college and 
university level. 

Cooperative action between representatives 
of education and science departments is im- 
Although a gulf exists between the 


perative. 
and the 


“education people “academicians.” 


and the problem becomes more acute jn 


VTOW- 


multiple-purpose institutions, there is a 
in 


~ 


bers oft 


understanding and concern among mem- 


academic departments relative to 


betterment of science education. Every Possi- 


ble effort should be made to encourage and 
accelerate this encouraging trend. 


4 ly > 
summary by RoBerr 


Section C 


State Program in Biology 


A summary prepared from requested papers 
7 } +], 4 
submitted to the Southeastern Work Confer- 
Ol Biology Teachine 


Individual papers were written by 


W. B. 


University, Georgia 


Baker, Professor of Biology, Emory 


Louise Conrss, Director, Division of Teach 
er Educatioi Certification, Wentucky 
State Department of Education 

\. B. Coop: Director, Certification and 
Teacher Traii lennessee State De- 
partment of I-ducation 

Henry A. SHANNON, Adviser in Science a 
VWathematics, North Carolina Department 


of Public Instruction 
Gr. W. Satiru, Supervisor of lnstruction, 
Alabama Department of Education 


Percy H. Warren, Dean, Professor of Biol 
oev, Madison College, Harrisburg, Vir 
oinia 

[he following summary of the problems 


relating to a State Program in Biology has to 
be limited. It does not reflect the picture in 
il the Southeastern states because only six 


States were covered. It does not necessarily 


reflect an agreement by representatives from 


all six states on any one of the tour topics 


covered, because some papers were lenethy 
in explanation on one question and entirely 
omitted others. An ittempt, however, has been 


made to indicate points upon which there 
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seemed be some general agreement and to 
emphasize these in the summary. 

While Institutions of Higher Learning have 
adequate personnel and facilities for training 
biology teachers, courses are geared to the 
specialist and do not meet the needs of future 
teachers. It is felt that more courses are not 
the answer. Instead the content and instruc- 
tional procedure of college biology teaching 
should be modified to deal with the fact that 
few secondary school biology teachers are 
teaching only biology, but usually have one 
or more Classes in general science. 


Out of 884+ North Carolina teachers (white 
and Neero) certified in 1952-53 to teach 


science subjects, 275 were teaching science 
alone, 164 were teaching mathematics and 
science, 111 home economics and science, 42 
yhysical education and_= science, social 
studies and science, and 205 were teaching 


biology, physics, chemistry and other com- 
binations. 

In the Georgia secondary schools approxi- 
mately 700 classes in biology are offered, but 
ibout 600 of them are being taught by teach- 


ers who are also teaching other subjects. 


In Virginia biology teachers usually teach 
other subjects in addition to biology. One 
evealed that 34% 
ers taught only one class in science and that 
1% taught only 2 classes. Since 
the typical load for a Virginia high school 


teacher is 5 classes per « day, the data indicates 


study 1 of the science teach- 


in additional 214 


that these teachers are devoting the pure 
of their time to activities outside the field « 

science. Since a situation exists in which a 
high school biology teachers can teach only 
biology, in many Cases they are teaching with 
1 minimum certification requirement of 12 


semester hours in biology. 


In 1947-48, of all science teachers in 
Georgia secondary schools, about 4% had no 
college science, 40% had 18 semester hours or 
less of college science, and 57% had more 
than 1&8 semester hours. In biology, 12% had 


no college biology, 68% had 18 semester 


hours or less, and only 20% had more than 


Ik semester hours in college biology. 


In addition, the number of prospective 
teachers preparing to teach biology is ap- 
parently declining. In Georgia from the ten 
colleges for whites having State approv ed pro- 


grams, 61 eligible science teachers were gradu- 
ated in 1952, 51 in 1953 and only 43 in 1954. 
From the Negro colleges, 11 eligible science 
teachers were graduated in 1952, 33 in 1953 
and 40 in 1954. The grand total for all the 
Georgia colleges preparing science teachers 
graduated in 1952, 84 in 1953 and 
83 in 1954. In proportion to the secondary 
school enrollment, this represents a consider- 
able decline. 


shows 


Many college graduates prepared speci- 
fically to teach biology do not enter the 
teaching profession, resulting in a further 
shortage of qualified biology teachers. How- 
ever, this factor is sometimes not apparent if 
one considers only statistical studies of supply 
and demand. 

kor instance, in a North Carolina survey 
made for the year 1953-54, 295 science 
teachers (white and Negro) were available 
to meet a demand for 177 teachers. In the 
field of biology, the demand for 6 white 
teachers was met by a supply of only 1, 
whereas with no demand for Negro teachers 
there was a supply of 34. Of the total, 175 
white teachers were available to fill a demand 
for 133, and 120 Negro teachers were avail- 
able to fill the demand for 40 teachers. 

No exact figures are available as to the per 
cent of the 175 certificated teachers who were 
willing to and did enter the teaching profes- 
sion, however, it was estimated that about 60 
per cent actually became teachers. In other 
words, the number of those certified to teach 
biology probably exceeded the number of 
those available as teachers. 


Individual states are attempting to solve 
their problems some of which appear to be 
common to all. Georgia has appointed a 
Science-Mathematics Committee designed to 
work toward raising the standard for high 
school science teachers and to make specific 
recommendations to colleges submitting ap- 
proved programs. In Alabama certification 
requirements were changed in 1953, and 
among other changes, science for all applicants 
was increased from 6 semester hours to 12 
semester hours. This may encourage college 
students to major or minor in science since 
they will be required to take 12 hours of 
science anyway. In Alabama the certification 
requirements call for a major or minor in 


science, rather than in any one of the sciences. 


34 LHI 


was 
In gen- 


This major in the new regulations 
creased from 24 to 30 semester hours. 
eral, there appears to be a lack of professional 
leadership in biology through science organi- 
zations, although some states are gaining 
ground in this way. 

The Georgia Academy of Science, through 
sponsorship of a Junior Academy, has at- 
tempted to strengthen and encourage better 
teaching in all the sciences. An active program 
of district organizations of teachers 
has been carried out. Science fairs have been 
of the districts, culminating in 
Annual participation in 
Search has been 


science 


held in a few 
an Annual State Fair. 
the National Talent 
moted. In 1953 the 
Society of 


pro- 
organization, Research 
with a chapter in The 
Center of Atlanta, 
established a series of awards with adequate 
recognition for high school students in biol- 


America, 


Communicable Disease 


Science workshops and clinics have been 
held at the universities where practical prob- 
Lhe 


Service, 


lems of in-service teachers are discussed. 
Atlanta Area Education 
sponsored by ( grants for the ad- 
teaching, has been helpful in 
\lembers of the National 
Teachers and of the 
Association have 


eachers’ 
arnegie 
vancement of 
aiding 
Association of 
National Science 
active 


teachers. 
Biology 
leachers 
in stimulating interest in 


been science 


in the Georgia secondary schools. 
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[he general view point of school people 
seems to be that the primary need of the high 
school is for satisfactorily educated science 
teachers—teachers with special competence in 
biology and sufficient knowledge of the others 
to provide appropriate science experiences for 
youth. The primary need of the high school 
teacher is for a college program which trains 
this type of teacher. 


often 
Various 
I his help includes 
not only public ations, films and the like. but 
also highly trained technical people employed 
by Public Health Departments; Plant Boards; 
Game and Fish Departments, who 


valuable, and very 
help the 


The teacher has a 
untapped 
agencies in his own state. 


source of 


orestry, 
are eager to help a teacher. 
not only 
training, but are at work in the field on com- 
instead 


I hese people 
have excellent scientific background 


munity problems. But too often, 
writing for specific material on a subject, or 
better still, for cooperation in planning mean- 
ingful experiences in resource use, the teach- 
letters to the 


ers and students write agencies 


asking only for ‘ ‘Everything you have about 


conservation.” 


Ihe services offered 


intelligent use of 
the agencies can be one of the best devices to 


lead the student not only to understand his 


environment, but also his responsibilities to it. 


Summary by Rose EF. FLEMING 


Participants on a Field Trip at the University Farm 
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PART III Problems Related to the Teaching 
of Biology 


Section 


A 


leaching High School Biology 


What do high school biology teachers 
need to know about the growth and de- 
velopment of students in order to develop 
an effective biology course which will 
take into account individual differences, 
needs, interests, and abilities? 


COMMENT: Biology teachers not 
only teach biology; they teach it to stu- 
dents. Teachers can teach students better 
as they understand students better. It 
behooves every high school biology 
teacher. therefore, to know a good deal 
ibout the students he teaches. 


(mong the important principles biol- 
ogy teachers need to know and apply in 
the area of human growth and develop- 
ment are the following: 


Learning results from interaction be- 
tween the individual and his environ- 
nent. 

b. Learning is effective only if the mate- 
rials and concepts are suitable to the 
maturity of the learner. 

c. Other factors being equal, a first-hand 
learning experience is more effective 
than a vicarious one. 

d. Research evidence indicates that emo- 
tional factors have a strong influence 
on the rate of learning. As one partici- 
pant put it: “We learn not what we 
ire taught, but how we react to what 
we are taught.” 

e. Leacher-student relationships are as 
important as techniques of teaching. 
\t the very heart of the learning 
situation is the teacher himself. 

Ihe Conference also endorsed the 
proposal that college biology te: achers, 
too, might profitably learn and incorpo- 
rate into their teaching some of the 
modern concepts concerning human 
growth and dev clopment. 


RECOMMENDATIONS: To help 
biology teachers attain necessary under- 


> 


standing regarding human growth and 

development and individual differences 

the Conference recommended: 

a. That pre-service training include: 
human growth and development, ge- 
netics, psychology Mang ado- 
lescent psy chology ), group dynamics, 
curriculum, the human life cycle, and 
an understanding of emotional stabil- 
ity and sex phy siology. 

b. The use of cumulative student records 
concerning mental maturity, subject 
matter backgrounds, health records, 
aptitudes, vocational and avocational 
ambitions, and the like. 

c. In-service training in the area of 
human growth and dev elopment. 

1) | ocal workshops led by college or 
university teams. 

2) Local w orkshops in which faculties 
work cooperatively toward the 
improvement of instruction (with 
or without consultants). 


What should be the objectives of a sec- 
ondary school biology course designed to 
meet the needs and interests of individual 
students? 


COMMENT: The teacher and students 
together should determine the specific 
objectives of a particular high school 
biology course. One participant pointed 
out that “The objectives of the course are 
not valid until they become the objectives 
of the students.” 

High school biology objectives should 
be both general and local in character. 
Chey should embrace both principles of 
biology and local applications. 


RECOMMENDATIONS: The Con- 


ference recommended: 


a. That as minimum essentials, the objec- 


tives of the secondary school biology 
course should provide all students 
with: 


ved 
Ul 
Ind 
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1) An understanding of the basic 
principles of biology (e.g., photo- 
synthesis, living processes, evolu- 
tion, inheritance with change, eco 
logical relationships, et cetera ) 
which are essential to effective liv 
ing in modern society. 

2) An_ understanding of themselves 
and of the human life cycle: birth, 
growth, maturity, old age, death. 

3) An understanding of how the or 


ganisms and physical environment 
situation 
munity with many complex inte! 


in a given form a com- 


relationships. 1 his understanding 
should form a basis for value judg 
ments applicable in conservation 
practices, resource utilization, sani 
tation, and other situations invol\ 
ing social implications. 

they can 


An understanding of how 


use biology in later life and even 


contribute to the field of biology 
Since this may be the only contact 

if D1 aS a course, rnc 
secondary school biology teachei 
ha special responsibility in this 
res 


of scientific 


ods and attitudes tl 


standing 
rough ex 
In the bioloey course. 
\ positive 
health. 


\ tional 


ipproach to physi 


mrcerests nd 
related to living things. 


order to Implement these op 


ipply them on an individ 

€ follow Ing principle 
waques mone ormers, 
d 
| ould be c terized 
by a rather than passive pat 
ticipation. This principle is predi 
cated on a flexible program that 

riety of content, procedures, 
ind materials. 
| ourse materials should pro 
ide for a wide range of content 
ind a wide range of reading bill 
ties an ong students. 
\ ricry of teaching methods 


should be employed In order to 


reach all students. 
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+) Provision should be made for in- 
dividual projects and research. 


5) Resource people (e.g., county 
agents, county and_ state health 
officers, college and university 


scientists, and others) should be 


used to define and analyze prob- 
onificance. 


lems of s 


Ihe talented 
should be enriched. Superior stu- 


program ol the 
dents may be enlisted in the help 


students. 


or Wea 


ce] 
7) High chool — biology teachers 
should help individual students 


outside of school hours. 


Student 


hobbies In biology should 


be encouraged. 


~ 
How can biology be integrated 


COMMENT: Integration cannot be 
assumed I he micre placement of one 


block of subject matter aloneside another 


bloc] does nor constitute unincation into 
anew whole 

Knowledgc suredly is not. self 
Integrating. If integration is to take place 
both teache student must work it 
It seriously 


RECOMMENDATIONS 


In ord¢ 


} ] 
at 


that Intevrated nto the 
total seconda! schoo] progran Ind inte 
tne lives of choo tudents the Con 
ference recommended 
knowleds Of othe reas nd that 
other eneral kno 
10¢ OT DIOLOOS 
| OF The biology 
course contribute s10N ficantly to the 
oencl ODICTIVeS of THe school. 


admunistration char 


acterize the secondary school 
d. That 


ions be created which will 


situat 
iidual, small group, and 


class projects to culminate in assembly 


programs ind other school activities 


extended into 
and inter-school fairs, 
Junior Academy of Science exhibits, 


lat 


I hese projects may be 


intra-school 


and simi ICTIVITIECS. 


| 
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e. That inter-departmental planning be 
encouraged. 

f. That students be given an oppor- 
tunity to apply in other classes what 
they have learned in biology. Illus- 
trative of the ways in w hich biology 
may be integrated with other sec- 
ondary school subjects are the follow- 
Ing 

|) Use biological information in FE ng- 

lish themes. 

Use biological data in formulating 

curves and graphs in mathematics 


courses. 
F\yaluate health problems, natural 
resources, and agricultural 
ductivity in social science courses. 
+) Study the derivation of biological 
terms in language Courses. 
Spe uk oon biological topics in 
speech classes. 
Use plant and animal forms and 
patterns of structure in art work. 
Use the facts of human reproduc- 
tion in relation to family life and 
social living. 
Use knowledge of human  physi- 
ology in physical education. 
\pply in home economics classes 
knowledge of biology concerning 
the selection, care, and use of 


foods. 


struction 13) biolog) (espe- 
work and laboratory ex peri- 
x» materials) be used to 
secondary school students the 


roaches, and attitudes of 


\/ \ Scientific nethods and 

ides find many applications, not only 

n science but also in many other fields of 
In experience. One participant, pro- 
fessional educator, pointed out that “All 
tC ers—not just those who teach the 
sciences—should stress scientific methods, 
ipproaches, and attitudes in their teach- 
ins \nother conferee, a well-known 
botanist, however, cautioned, “But we 
should realize that scientific methods do 
not apply to everything. They do not 
help us much, for instance, in_ certain 
political and social situations or in de- 
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termining whether a painting or a piece 
of music is good. We must beware lest 
we oversell scientific methods.” 

The position of the Conference seemed 
to be this. Scientific methods, approaches, 
and attitudes find a wide range of appli- 
cations. They should be used whenever 
appropriate. They do not, however, cover 
the whole of human knowledge and 
understanding. 


RECOMMENDATIONS: The Con- 
ference recommended that biology in- 
struction be so oriented that it will 
develop in high school students scientific 
methods, approaches, and __ attitudes 
through any or all or any combination of 
the following devices: 

a. By the example of the teacher who, 
himself, uses the methods, approaches, 
and attitudes of scientists. 

b. By reference to the classics of science 
and the manner in which classical 
scientists attacked their problems. 

c. By encouraging students to find out 
directly, through study and/or ob- 
servation, how scientists work. 

d. By providing opportunities for stu- 
dents to participate in individual 
and/or group investigations, sharing 
their interests and findings. 

e. By work based on observations of 
living things and/or laboratory ex- 
periments, nature trails, camp experi- 
ences, collections of — living things, 
home gardening projects, and the like. 

f. By encouraging and helping students 

to study problems and carry on proj- 

ects which are important to them and 
to their community. 

By direct instruction in_ scientific 

methods, approaches, and attitudes 

classroom discussions observa- 
tional or experimental work. 

h. By placing emphasis upon the use of 
genuine experimentation in securing 
answers to questions raised in the 
minds of students through skillful 
teaching. 

i. By encouraging students to report the 
results of individual experimentation 
to their fellow students. 

j. By field study of zonation and succes- 
sion various ecological habitats. 


| 


rt 
lif 
OD 
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[hrough such experiences students are 
led to see that distribution is 
mined by multiple variables. 
k. By training students in the precise use 
as one of the goals of the 


deter- 


f language 
course. For example, words like geot- 
adaptation often errone- 


understanding of 


ropism or 
imply an 
mechanisms 


ously 


By teaching cause- -effect relationships. 
Hig! 1 school students frequently come 
into biology classes with anthropo- 
morphic and teleological beliefs. These 
can and should be replaced by scien- 
tific methods, 


tudes. 


approac hes, and_atti- 


m. By the use of valid scien 


tific 


a variety of 
methods. 

and working in 
Academy 


n. By with 


such activities as the Junior 


coopera ting 


of Science and the Science ‘Talent 
Search. 
How can secondary school biology teach 


textual and in- 


develop appropriate 


structional materials to meet the varying 


lividual students? 


COMMENT: The quality of textual 
and instructional materials is a matter of 


major concern to the conscientious biol- 
ogy teacher. He is ever on the lookout 
for new and better texts and teaching 


knows that, in consider- 
they will determine the 
of the teaching and learning 


materials for 
ible measure, 
effectiveness 


which goes on in his classroom. 


RECO 


rerence 


MMENDATIONS: 
that 
school biology teachers develop appropri- 
ate textual and instructional materials 
(including library materials) in any or 
ull or any combination of the 


The 


secondary 


Con- 
rece ymmended 


folle ing 


1. By enlisting the aid of biol 


librarians, 


expert 


OgIsTts, educators, textbook 


specialists, and multi-sensory special- 


ists. 


educational, indus- 
covernmental 


livine and 


b. By accumulating 


trial, and pamphlets, 


multi-sensory aids; pre- 


served materials; library books: period- 
vertical file of 


icals; and a magazine 
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and newspaper articles, pictures, and 
feature stories. 

c. By making home-made equipment, 

permanent col- 


and other 


charts, models, slides, 
lections and demonstrations, 
instructional materials. 

biota. 


and the uses to which 


d. By accumulating lists of local 


their 
they can be put in high school biology 


locations, 


teaching. 
e. By compiling a list of local resource 


people who can assist in classroom 


and out-of-class activities. 


f. By developing, \ with the aid of well- 


pre yared consultants, resource guides 
which will soierge the following: 


1) The veneral plan of the course. 


2?) The objectives ot the course. 


3) Suitable textual and library refer- 
ences. 
4+) Suitable publications ol SOUrCe 


materials. 
5+) Pertinent visual aids. 
6) Statement of problems to be raised 
in each unit. 
Statement of desired student. re- 
SpONses. 
evaluation 


8) Suegested testine and 


procedures to measure the attain- 
ment of objectives 
How Call bio Og) teache hy prepared 


assume the multiple responsibilities of a 


high SCHOOLS 
COMMENT: This question resolves 
itself into two parts: pre-service training 


and in-service training. Inasmuch as the 


first part of this problem is considered 
training section of thi 
will not be treated fully 


should ay made: 


under the teacher 


report If here 
I hree points, however, 
an to teach in 
they 


gests their teac hing careers 


a. Few if any teachers p 


small hig schools. However. 


in small high schools. 
b. The auto- 
matically be qualified to teach high 


good biology eacher will 


ood 


know 


school gener: il science since the 
biology teacher must necessarily 
about the related sciences. 


a ¢ ood deal 


As indicated 
the Conference 


in another section of this 


report, recommended 


substantial amounts of chemistry, 
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physics, mathematics, earth 
science in the training of the high 
school biology teacher. 

c. The te: aching of more than one science 
(i.e, more than biology) high 
school is not without advantages. By 
teaching more than one science inte- 
gration among the sciences is facili- 
tated. Moreover, there is likely to be 
better teaching in one field of science 
if the teacher has an understanding 
of other related fields. 

On one point the Conference was 
especially sensitive: the problem of 
the high school science teacher whose 
major interest is not in science. The 
Conference found no advantages in 
this situation: in fact, insofar as science 
teaching Is concerned it is deplorable. 
Phrough local and state effort this 
situation should be ameliorated, re- 
duced, and in time eliminated. The 
Conference strongly urged the elimi- 
nation of science teachers whose 
major interest is in non-science fields. 


RECOMMENDATIONS: The Con- 
ference recommended that biology teach- 
ers who must assume multiple responsi- 
bilities in small high schools consider the 
implementation of any or all or any com- 


1 


bination of the following suggestions: 
1. Teach four instead of sive classes or 
tions. This will allow some free 

time for conferences, the handling of 
iboratory materials and equipment, 
nd other necessary activities. In- 
dustrial arts teachers, vocational agri- 
culture teachers, and a number of 

igh school teachers already 
enjoy the consideration of four inste: ad 
of five classes or sections. ‘The Con- 
ference felt the same privilege should 
be accorded science teachers. 

b. Alternate courses. For example, in a 

nall high school chemistry might be 

offered one year and physics the next. 

c. Use an integrated physical science 
course. In a small high school such 
course could take the place of separate 
courses in chemistry and phy SICS. 

d. Use student assistants. Student assist- 

ants can be very helpful. If — 

they should be paid for services 


other his 


PROGRAM 39 


e. Secure ample storage space. This will 
prevent cluttering in the multiple- 
purpose classroom. 

f. Use more demonstrations. In consider- 

able measure demonstrations can be 

made to substitute effectively for in- 
dividual laboratory work. 

Operate a science current events file. 

Such a file will do much to keep the 

science courses alive. The file should 

be maintained by both teacher and 
students. 

h. Use free and low-cost materials. There 
is a generous supply of these mate- 
rials. “Many of them are of excellent 
quality. 

i. Use the human, natural, and social 
resources of the community. Every 
community has these resources. The 
resourceful science teacher will use 
them. 

j. Schedule classes carefully. Avoid 
peated preparations of the same labo- 
ratory materials and demonstrations 
wherever possible. 


~ 


What constitutes an appropriate program 
of post-baccalaureate in-service training 
for secondary school teachers of biology? 


COMMENT: Pre-service training is 
not adequate for a lifetime of effective 
biology teaching. Continuous self im- 
provement—i. €., In-service training—is es- 
sential if the high school biology “teacher 
is to retain and increase his effectiveness 
in the classroom. 

On one point concerning in-service 
training the Conference took a strong 
position. ‘That had to do with appropriate 
graduate study for high school biology 
teachers. Not only should colleges and 
universities offer a wider variety of biol- 
ogy courses in the summer session in 
order that in-service teachers may take 
advantage of them; they should also, with 
the aid of certification agencies, explore 
the advisability of offering for teachers 
introductory courses at an appropriate 
level of difficulty, such courses to carry 
appropriate credit which will apply 
toward certification requirements. A par- 
ticipating graduate dean from a_ well- 
known university seemed to express the 
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feelings of the Conference when he sum- 


marized the matter this way: “If the 


students in a class are graduate students, 


appropriate oraduate work can be offered 
even if it is introductory in character.” 


RECOMMENDATIONS: The Con- 
ference recommended as appropriate post 
baccalaureate in-service activities any or 
ll or any combination of the follow ing: 
1. Graduate study in biology, related 
sciences, Sc ence education, or protes- 
sional education according the 
needs of the individual teacher. (Se< 
“COMMENT 


b. Appropriate individual study of scien- 


c.3 


tific and professional literature. Ihe 


professional should include 


library 
mong other materials professional 
books and journals, research reports, 
eference works, maps, 
rave especially travel to regrons 
illustrating significantly different bio 
ogical phenomena. 
d. Contacts with college and university 
rreenhouses, museums, 


experiment farms, libraries, and 


labor wories 


facilities. 


e. Participation in local and state-wide, 


teache! planned, In-service programs 


built around common school programs 


ind problems related to the teaching 
oft biology 

Use of well prepared consultants from 


colleges, universities, industrial and 


social agencies, state departments of 
education, and other governmental 
wencics., 


Conterences, w orkshops, professional 


meetings, and intra-school and inter 


school teacher visitations. 
Partic Ipation in professional and scien 
tific organizations at the local, state, 


regional, and/or national levels. 


i. Participation biological and/or 
science education research. 

How Cai and Opriate Space 

be made available to the secondary school 


COMMENT: Insofar as possible and 
practicable all high school science class- 
rooms should be used exclusively for 
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science classes. If, In emergencies, the 
room must be used for other purposes, 
classes should be scheduled which will 
neither disturb experiments in progress 
nor require th< putting away of equip- 
ment which will have to be used again 
a short time later. . 


When remodeling old school buildings 
or constructing new ones consideration 
should be given to the special space needs 
related to the teaching of secondary 
school biology Caretul planning is re- 
quired. For individuals concerned with 
biology (science) space n ‘eds the publi- 
cation School Facilities for Science In- 


received much tavorable com- 
ment and commendation. [his publication 
is distributed by the National Science 


leachers Association, 1201 Sixteenth Sr.. 
NCW... Washineton 6, D. ¢ 


RECOMMENDATIONS: he Con- 
ference recommended that the following 
factors be considered when biology teach. 
Ing space is being designed 


biology teachers, science super- 


visors, citizens, and if necessary, out- 


of-town and/or out-of-state specialists 


issist the architects planning the 
biology SCICNCE ) rooms. 
b. That the following principles be in- 
corporated into the plans for the 
biology SCICHCC 
Plan multi purpose rooms instead 
of separate lecture and laboratory 

2) Remember that multi-purpose 


sclence rooms must be larger than 


ordinary classrooms. 

3) Provide tor flexibility in room use. 
4) Install fixed furniture around the 
walls of the rooms with movable 
furniture in the center. 

Provide Tol the rooms to be 
darkened when audio-visual aids 
are being used. (In warm climates 


air-conditioning is highly desir- 


able. ) 
Prov Ter 


accessory rooms which 


may be used for storage, projects, 


and the like. 
Plan for the biology rooms to be 


on the first floor of the building. 
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CHART OF SPECIFICATIONS (Sample) 


ACHIEVEMENT IN BIOLOGICAL SCIENCI 


OBJECTIVES 


4S EVIDENCED BY 


DEMONSTRATION OF ABILITY TO 


\ppraise Real 
Situations 
that have 
Biological 

Implicatic ns 


\ Knowledge 


\n Understand- Interpret Data | Recognize and 
of Facts, Con- 


ing of Facts, Analysis Solve Problems 
Interpolation Evaluate 
Extrapolation Hypotheses 


cepts, and 
Principles 


Concepts, and 
Principles 


ONTENI 


NTRODUCTION 


HARA 
OMMON 


PERISTICS 
LO LIVING 


RGANISAMS 


INTENANCE OI 


THE INDIVIDUAI 


N 
| 
( id 
Ad 
bende Svstem 
MAINTENANCE OJ 


THE SPECIES 


\ 


H 


HWSTORY OF LIFI 


INTHE FARTH 
(; volution 
NTERRELATION 
SHIPS 
( 
Pr 
Provide space for expernnental perience in experimental techniques and 
vork and for the growth and care scientific concepts. Examinations embody- 
of plants and animals. ing these techniques and concepts should 
wi be the natural outgrowth of teaching 
P } based directed toward scientific methods and 
ODICCTIVCS O The NOLOGY “OUTSC, 
, « alia the objectives of the course. If we teach 
sea for these outcomes we should evaluate 
COMMENT: Evaluation is intimately the outcomes of our teaching. 
bound up with teaching. High level evalu- ;, 
High school biology should involve a 
ition procedures, therefore, can function f 
| oereat dea ore than Mmorization oO 
vell only when they are proceeded by 5** 
eh level instruction. Both teaching and facts. Factual regurgraion On peper-ene- 
evaluation should receive their direction pencil tests, therefore, will not be enough. 
ind impetus from well-defined objectives. \ variety of evaluative techniques 1s 
If biology is well taught as a science in- necessary. Several approaches to evalu- 


stead of trom an authoritarian approach, 
students should gain a wide range of ex- 


ation are suggested in the recommenda- 
tions which follow. 
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RECOMMENDATIONS: As means of 


improving testing and evaluation in high 

school biology the Conference recom- 

mended: 

a. That all tests and other evaluative 
procedures be geared to the objectives 
stated in the overall plan for the 
course. 

b. That, in addition to facts, high school 
biology examinations include experi- 
ences in understanding and interpret- 
ing biological principles, problem 
solving, interpretation of biological 
data, evaluating hy potheses in the light 
of evidence gained from observation 
or controlled experimentation, under 
standing cause-effect relationships, and 
appraisal of situations that have bio- 
logical implications and significance. 

c. That unstructured as well as struc- 
tured or objective-type examinations 
be used in the evaluation program. 

d. That the evaluation program include 
examinations using specimens and ex- 


periments. 

e. That examinations requiring organiza- 
tional procedures (1.¢., essay exami- 
nations) be used primarily during the 
term rather than at the end of the 
term. Such examinations can be used, 
among other purposes, developing 
composition skills. 

f. That structured or obyective-type 
examinations be used primarily in the 
final evaluation at the end of the term. 
Examinations of this type have many 
idvantages (wide sampling, quick 
scoring, and the like), especially when 
large groups of students are to be 


tested. 


[hat a chart of specifications be de- 


J 


veloped to serve as a guide in the 
construction of objective-type  ex- 
aminations. Such a chart will insure 
an appropriate distribution of items 
both content and ob- 
of Specifi 


with regard 
jectives. (See Fig. 1, Chart 
ations, p. 41). 

h. That, in addition to examinations, 
other evaluative devices be used. 
[hese devices may include laboratory 
and field work, performance ratings 


winecdotal records, controlled observa- 
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tions, interest notations, statements 
made by students, behavior changes 
observed, conferences, and/or other 
procedures. All have their places in 
the total evaluation § of student 
progress. 

i. [hat students participate in the evalu- 
ative process through self-appraisal, 
If properly encour aged and guided by 
the teacher, students can be highly 
etfective in estimating their own prog- 
ress. 


Summary by W. HUGH STICKLER 


Section B 


The Teacher Training Program 


y ] 
What constitutes a balanced program for 


the OF hoo DIOLOZY Tea h- 


‘ 

courses, appropriate ficild aid laboratory 

perience De aA! aucation 
. 

COUTSCS—SHOUld bil h il 


progi 


COMMENT: The Conterence recog- 
nized that any recommendation for a 
balanced program will leave much to be 
desired if the teacher is to be prepared in 
four years. It was agreed, ri ever, that 
a realistic view of the high school teach- 
ing situation as it exists now and will exist 
for some time to come required the Con- 
ference to think in terms of a four-year 


program. 


RECOMMENDATIONS: In order to 
provide the best possible preparation in a 
four-year program, the Conference rec- 
ommended that the prospective — high 
school biology teacher have 
a. A college major (1.¢., a minimum of 

24+ semester hours) in. the biological 


sciences, to include one year of gen- 


eral biology, or equiv: alent courses 1n 
general botany and general ZOOLORY 
(incorporating the subject matter 
areas treated in Part | morphology, 
taxonomy, physiology and health, 
ecology and conservation, heredity 


and = deve lopment, evolution and 


paleonto! ogy), with at least one-third 
of the tot: al content devoted to plant 
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science. Course work beyond the first 
year should include field studies. 
bh. One vear of chemistry, with labora- 
tory work. It was recommended that 
this work include organic chemistry 
as it to living “things. 
c. One year of physics, with laboratory 
ork. 
d. One half-vear of earth science. 
e. One vear of mathematics. 
f. Education courses to meet state certi- 
fication requirements, with a course in 
methods of te aching high school biol- 
ogy strongly recommended. Profes- 
sional education courses should include 
experiences in the following areas: 
[he nature of the learning process. 
Human growth and development. 
Professional laboratory  experi- 
ences. 
+) Inte rnship. 
Group dynamics. 
Ihe secondary school program 
(the role of the school in society, 
curriculum, history and philosophy 
of education, and the like). 
l esting and evaluation. 
\ ppropriate general education courses 
humanities, social sciences, and com- 
unication skills) required of other 
igh school teachers. 


lhe above were recommended as mini- 


mut ha, essen in the training of an 
effective high sc ‘hool biology teacher. The 
Conference recommended that, whenever 
vossible, Courses allowing for certification 
in other sciences or related fields should 


be taken. (Specific courses and _ fields 
must, of course, be planned in the light 
of minimum certification requirements of 
the state involved.) 


How can specialists in biology and pro- 
educators be brought into a 
working relationship in the train- 


COMMENT: Effective high school 
biology te: iching requires a teacher with 
1 broad background of understandings 
In |) the subject matter of biology, and 

the areas of adolescent growth and 
development, objectives of the total high 
ool ~program and of the biology 
course, methods of working with high 
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school boys and girls, and techniques of 
evaluating student progress. Traditionally, 
the implementation of the former has 
been the function of the specialist in 
biology, while the latter has been the 
province of the professional educator. 
loo often each has operated independ- 
ently, leaving the prospective teachers 
with the difficult task of integrating their 
teaching. Such integration would better 
result from cooperation of the specialist 
in biology and the professional educator. 
Integration in turn would result from 
the establishment of better working re- 
lationships. Biologists, like other arts and 
science specialists, too often criticize pro- 
fessional educators without becoming in- 
formed regarding the problems of edu- 
cation and without any effort to join 
forces with the educators. Biologists and 
educators can produce the best possible 
teachers only by working together. 


RECOMMENDATIONS: In order to 
bring about effective working relations 
between biologists and educators, the 
Conference recommended: 

a. Work conferences at the local, state, 
regional, and national levels in which 
specialists in biology and professional 
educators can talk out their problems 
in face-to-face meetings. 

b. Giving biology departments the re- 
sponsibility of providing competent 
members of their staff to teach the 
“methods” courses in biology which 
commonly carry education ‘credit. 

c. Encouraging the specialist in biology 
to observe and work with student 
teachers of biology who received their 
subject matter training in his (the 
specialists ) college classes. 

d. Drawing upon the background of ex- 
perience of the specialist i in biology in 
the planning of education courses, 
particularly as they deal with such 
problems as human physiology and 
genetics. 

e. Active participation in teacher train- 
ing of both educationist and science 
specialist. “This participation involves 
cooperative decisions concerning: 
|. Certification requirements. 


> 


2. Advising students. 


Its 
Cl 
nt 
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3. Evaluation of program and out- RECOMMENDATIONS: the Con- 
comes. ference recommended: 
4. Evaluation of the teaching in both a. That consideration be given to the 
areas offering of a larger number of biology 
5. Science specialist leading field trips courses during the summer sessions: 
ind participating in other activities further, that institutions explore, with 
involving the education student. the aid and cooperation of certifica- 
f. Making provisions for and encourag- tion agencies, the possibilities of ex- 
ing the observance of college biology rension COUPSeS where facilities and 
classes by professional educators and demand make them feasible. 
of college education classes by special- b. That annual one-week conferences be 
ists in biology, with the end in view operated for biolog teachers giving 
of eliminating unnecessary duplication 1) Help in using sinpl materials for 
ind making courses more effective. experiments. . 
o, Providing for greater mutual action ?) Demonstrations of new types 0; 
by educators and biologists in promot experimental work. 
ing and working with Junior Acade- 3) Additional | wkground and new 
mies of Science and similar organiza developments. 
tions of hig! school students interested c. That appropriate credit be given to 
In science. teachers for Courses at any level. It is 
Encouraging schools of Education and recognized gi iduate students 
Stare Departments of Education to with teaching experience should not 
consult with competent biologists In be in classes with college freshmen, 
planning the biology subject matter but this does not preclude graduate 
requirements necessary for graduation credit for fields, ¢.g.., general botany, 
ind. certification of the high school which have traditionally been organ- 
teache! : ized for presentation at the freshman 
| Provision for exchange teaching as level. 
sionments between biologists ind edu d. That special subject matter Courses be 
( itors designed for the teache! ind that these 
Having biologists and educators make courses be scheduled at- appropriat 
joint appearances on radio and tele THINS. 
vision programs. e. That full residence credit be given Tot 
workshops nd work conferences 
12 How Cal alleges and universities CO! which are comparable in leneth and 
oul ffectively to the m-service Edu quality to tandard courses. 
( O teachers? Particularly 
and universities provid f That opportunity provided fo! 
wee appropriat outstanding high schoo! teachers to 
(especially sist in the ol college 
school offerings) courses, so. that theory and practice 
may be more closely related. 
which carry appropriate colleg | 
same time apply toward Phat consideration be given to the 
cation? possibility of a special degree whicl 
will recognize the breadth of training 
O ie cussio croup recommended joint needed by the teacher. 
ippointments Departments ot Biology h. That each science specialist be en- 
vd Education. It was recognized that such couraged to feel intensely the respon- 
» plat Ou he highly effective but that sibility to work with his colleagues in 
rajustment Of a hing load, red tape, allo- the high schoo] on every possible 
cation of responsibility and various adminis occasion. 
trative difficulties would preclude such i. That scientists prepare articles for 
plan in most institutions. journals designed for teachers. 


on- 


j. [hat science camps be operated for 
students and teachers. 

k. ‘That provision be made for substitut- 
ing suitable extra course work, proj- 
ects, and activities for the thesis re- 
quirement for the master’s degree. 


How can colleges and universities effec- 
recruit and select secondary school 


and college teachers of biology? 


RECOMMENDATIONS: The Con- 
ference recommended recruiting and 
S¢ lecting secondary school and college 
biology teachers: 

a. By assigning the best teachers on the 
staff to teach the introductory college 


courses 1n biology. 


b. By encouraging research on the part 
of college teachers so that undergrad- 
uate students may become imbued 
with the desire to do creative work. 

c. By working toward salaries more 
nearly comparable to those tn- 
dustry, government agencies, and 
other fields of science. Professional 
status, advancement and salary of col- 
eve teachers should be based as much 
on te: ching success as on products of 
research. 

d. By acquainting capable college gradu- 
ites with the variety of scholarships 
ind loans which are available for 
graduate study, with special reference 


to students in smaller colleges. 


e. By increasing emphasis on meetings at 

hich competition in biology projects 

ind problems at the high school and 

undergraduate college levels is em- 

phasized, such as science fairs, science 
camps, and local science programs. 

ft. By urging universities and colleges to 
nerease their stipends for er aduate 
issistantships in science. 

e. By soliciting from individuals and in- 
dustries promoting 
science at the undergraduate college 
level, scholarships in biology available 


interested in 


to above-average high school e@rad- 


uates. 
h. By a more extensive use of aptitude 
tests in identifying and selecting po- 


tential teachers. 
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i. By adjusting academic loads of college 
teachers to allow for extra- -college 
contacts. 

j. By distribution of attractive bro- 
chures, with frequent revision, on the 
teaching of biology as a career. 


How can colleges and university teachers 
of biology improve their educational 
philosophy and their teaching techniques? 


COMMENT: The college or univer- 
sity teacher is obligated to “contribute to 
the advancement of know ledge through 
research, to teach, and to participate in 
the solution of regional and university 
problems related to his science. Any 
training of the college teacher must take 
full cognizance of these obligations. 

The college teacher may extend his 
knowledge of educational problems 
through ‘library research, study, and ex- 
change of information with his colleagues 
in other institutions. The potential college 
teacher may be best provided the essential 
background in education, philosophy, 
history, and techniques through seminars 
and apprentice teaching under the direc- 
tion of biologists. 


RECOMMENDATIONS: The Con- 
ference recommended: 

a. That colleges and universities recog- 
nize and ‘appropriately reward the 
good teacher through advancements 
in rank and salary. 

b. That joint seminars covering topics of 
mutual interest be scheduled for stu- 
dents and teachers of both biology and 
professional education. It was em- 
phasized that in many institutions all 
the necessary machinery for such 
seminars already exists and that all 
that is necessary is a desire to use 
facilities already available. 

c. -That teacher training institutions work 
as closely as possible with state de- 
partments of instruction, since these 
departments ¢ can only implement what 
is wanted by the institutions and by 
the public. 


Summary by Joux BRevukKELMAN 


the 
Ca 


Due AxterIcan Brotocy 


Section C 


Role of the State Departments 
in the [Improvement of High 
School Biology Teaching 


al with the pi obl OT 


Provislola ana te 


DIOLOZY hers WHO ao Not Meet 


requirements 


COMMENT: This problem arises out 
of the acute shortage of qualified biology 
teachers; it points up sharply the re- 


sponsibility of teachers secondary 
schools and colleges, of national socie- 
ties, to interest many more capable col- 


lege and high school students in biology 


y 


Higher, but not too rigid certification 


requirements, based on the kind of 


training outlined in the report on college 


teaching should be adopted in science as 
they are in such fields as vocational a 


This might help to improve the 


OT! 


cuiture 


salary status of science teachers and to 


ittract competent people into the field. 
RECOMMENDATIONS: The Con- 
rerence recon mended 
[hat provisional certificates be issued 
nly hen the local superintendent 


can certify the lack of a qualified 
teacher, and that holders ot such cer 


tificates be required to become quali 


fied in as short a time as possible by 
summel! chool work. 

hat provisional certificates be 1s 
sued on a one-vear basis and that they 
be renewable upon presentation of 
evidence of — satisfactory progress 
towards me ting full certification re 


quirements. If a choice must be made 


between a person trained in biology 
professional courses in edu 


ind one with a certificate but 


ithout 
cation 


no bioloey training the torme 


ould be D eferred. 

» That programs be set up within the 
school Ol local System, in collabora 
tion with nearby colleges and _ state 
science supervisors, for the immediate 


ind continuing in-service training of 


certification 
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teachers with provisional and tempo- 

rary certificates 

c. That teachers be encouraged to en- 
roll in formal courses selected fron 
the teacher training program on 
which full certification is based. 

d. That teachers be encouraged to par- 

ticipate In an active in-service teacher 

training program in the local system, 

sponsored by the local administration, 

the State 


Department of Education, 


1] 


and the 


How Cai a Li public 


SCDOO 


Use effectively tocal units, Cold Offi 

‘ lad ade pai 

1) 
7] , Of Cdulcatlo 


RECOMMENDATIONS: The 
1] ended 


( AOn- 


ference recon 


That the program in public school 


biology should be cooperatively planned 


by the establishment in each State of 


continuing ticulation and planning 
Comiunittec, ol representatives 


these ds 


High school administrators. 


b. College and university administrators 

c. Hieh school teachers tully certified 
biolowy 

Colleoe univel teachers 
the biological science wind in educa 
rion 

( ~cCrence Col tants on the state leve 

f. The supervisory and certification di- 


visions of the State Department of 
education 


o, Academy of 


the tunctions of this Commiuttec 


State SCICNCe 


Identify concerned — 


certification, teacher education, the 


program of study at all levels, or wit 
a combination and extension of these 


problems. 
b. kKurnish leadership in 
State Depa 
public 


he Iping the 


tment of Education, the 


hools, and institutions of 


a= 
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higher education in obtaining an ef- 
fective solution to these problems. 

and disseminate pertinent 
information concerning the impor- 
tance of instruction in biology. 

d. Assist in the recruitment of biology 
teachers. 

e. Encourage the school administrators 
to study the need for greater coop- 
erative action and seek their help in 
implementing recommendations made 
by the committee. 


What is the role of the State Depart- 
ments of Education in fostering in-serv- 
g which will result in the im- 
cement of biology teaching? 
RECOMMENDATIONS: The Con- 


ence recommended: 


[hat the State Department employ 

|-qualified science coordinators, ad- 
visors or consultants who have had high 
school experience and are trained in both 
science and education, to consult with 
science teachers in high schools and to 
implement 1 program of cooper: nape be- 


rween college scientists and hiel 1 school 


cat Crs. 

hat the need for a state science co- 
rdinator, consultant or advisor be made 
known by the science teachers to the 
Stat Department and the various agen- 
cies having policy control over the state 
department. 

Phat State Department consultants 

by 
1. Assisting in coordination of services 

ot the State Department, the colleges, 
nd the local systems in activities con- 
lucive to improvement of instruc- 
tion in science. 
\ssisting setting up committees 
for cooperatively developing curricu- 
materials and share these with all 
oh school science teachers. 
c. Providing a means of communicating 
to all teachers information on best 
teaching practices, and other infor- 
ition which will add to the quality 
ot teaching. 
Incouraging greater exchange of 


nformation between science special- 
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d. 


ists and teachers of high school sci- 
ence through pre- and post-school 
planning conferences, regional meet- 
ings of science teachers, and at the 
county and local school level. 
Encouraging classroom teachers 
through in-service programs to be- 
come involved in classroom research 
for the improvement of teaching so 
that the gap between “what teachers 
know” and “what teachers do” in the 
classroom will be closed. 
l'ncouraging existing science associa- 
tions and organizations to keep all 
science teachers on the high school 
level up-to-date on information and 
research; and encouraging the forma- 
tion of new associations where 
needed to assist in such work. 
Encouraging colleges and universities 
having approved programs for teach- 
er training to provide adequate sub- 
matter workshops and_ specific 
courses projected primarily for teach- 
ers in subject matter areas and for 
which credit will be given in con- 
tinuing certification. 
Encouraging the colleges to make 
available services of subject matter 
personnel as consultants to schools in 
their vicinity. 

\ssisting the state committee recom- 
mended above (composed of both 
high school and college teachers) to 
advise, consult and plan for recruiv- 
ment, selection, motivation, and the 
up-grading of biology teachers. 
Encouraging all local school adminis- 
trators to provide for in-service 
teacher training conference for biol- 
ogy teachers prior to the opening of 
school, during the year, and for post- 
school conferences, for purposes of 
evaluating, planning, and_ re-evaluat- 
ing the biology program. Consultants 
for such in-service conferences should 
include personnel from the State De- 
partment concerned with teacher 
training and improvement of instruc- 
tion in the area of biology, and _per- 
sonnel from appropriate departments 
of the colleges which prepare biology 
teachers. 


Cn 
a 
| 
f. 
i. 
h. 
l. 
| 
| 


Brotocy 


What role can the State Department of 


Education play in insuring adequately 
prepared mW secondar) school 
lividuals with little or no traiming in 
biology from ‘teaching secondary school 
biology ses? 
RECOMMENDATIONS: The Con 
ference recommended 


a. That State Departments ot Education 
certification 
trainin: 


y 


idhere to requirements 


which will insure such as 


that indicated in the recommendation 


training and that content 


idequately 
that 


requirements. 


ror college 
ireas be represented on 


commissions establish certifica 


tion 


science consultants the 


State Departments actively supervise 


} 


tne science teaching in high schools. 


c. That the State Department refuse to 


certify a person unless he has had 


college courses in biology which ade 
quately cover the areas of a 
| 


biology 


high 
SCHOO! course. 


cation cooperate with the colleges in 


d. That the State Department ot 


setting up approved programs for 


teachers vhich would O1VE broad 


training in science and mathematics 
in addition to a balanced general ed 
will 


which enable the 
1 small school to teach in 


ucation, and 
eachner 1n 
nore than one area. 
e. [That certification requirements be 


raised to the level of the training a 


recommended earlier. These require 


ments hould list the subjects con 


sidered minimal in chemistry, physics, 

ithematics and other sciences, and 
In professional education, not merely 
the number of credit hours. 


1 


mnsure that 


This will 
biology certificates, fo1 
example, go to people with broad and 
fundamental training, and would ey 


clude those with a number of credits 
| 


in a narrowly limited area of biology. 


Stat 


assist in the 


To what extent can and should the 


Education 
how ) 


(how 
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teachine credit fOr 171 the bj- 
laboratory? 


COMMENT: 


ure of teaching credit: the number of 


There is only one meas- 
hours spent with students or preparing 
Credit for class 
hours should be the same whether those 


classroom materials. 
hours are spent in recitation, laboratory, 
shop, or field. This should become the 


eeneral rule 


RECOMMENDATIONS: The 


nded 


Con 


ference recon 


the Ippropriate agency or per- 


sons In state departments and colleges as- 
sist obtaining hour-for-hour allo- 
teaching credit 
school. 


cation of full-time 


high 


mstructors and college 


labor 


science 

How Call t Stati f of E-du- 

JIOTIV ATIO) oT hig] 

cChool biology herse 
RECOMMENDATIONS: The Con 


ference recommended 


I he establishment oft salary scales ade- 


quate to attract and retain qualified 


teachers in the profession. 


b Lhe establishment of suitable retire- 
ment benefits 
lhe maintenance of active in-service 


training Dy 


Conducting well-planned work 
shops 
?) Providine competent consultants 
3) Coopel with conservation, 


agricultural and other state agen 


cles in producing suitable pamph 
| 


lets in biological subjects. 


4) Promotine adequate communica 


tion on problems and techniques 
among biology 
d. Ihe 


of a research staff to evaluate and sug 


reachers., 


establishment and maintenance 


gest Improvements In methodology. 


lhe encout wement of democ! ad 


ministration because this 1s a crucia 


factor in retamment and retainment 


IS a part ofr recruitment. 


f. The encouragement of and assistance 


in obtaining the best classroom. 1n- 
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\. Disse 
r| 


) 


4. 


struction possible as this is most im- 


portant in recruitment of future 
teachers. 
[he encouragement of local com- 


munities to insist on the best biology 


teaching obtainable. 


. The encouragement of and utilization 


of the efforts of the many scientific 
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and educational groups interested in 
and working on recruitment of biol- 
ogy teachers and biologists. 
Encouraging deans, department heads 
and advisors to present the teaching 
profession as an attractive career op- 
portunity to biology majors. 


Summary by: Richarp L. WEAVER 


PART IV Summary of 
Action for Implementing the Conclusions 
and Recommendations of the Southeastern 

Work Conference on 


[he State teams represented in this con- 


issumed responsibility leader- 


for the following programs of action: 


nination of information concerning 
is conference: 

News release to state and local papers. 
Summary 


articles state education 


ssociation journals and papers. 
Distribution of copies of conference 
summary report to the following per- 
sons and groups: 
State Superintendent of Public In- 
truction and other key personnel 
n the State Department of Edu- 
cation. 
Deans and heads of departments of 
biological sciences in all institutions 
of higher learning. 
Committees 
Feacher Fduca- 


Advisory 
ind Councils on 


( \lembers of 


tion. 
d. Heads of 


ences. 


state academies of. sci- 


e. Heads of science section of educa- 
tion associations. 

f. All high school science teachers, 
college instructors in science, and 
high school principals. 

Face-to-face (oral) presentation and 

report by 

state team or representatives with the 
following individuals and/or groups: 


discussion of conference 


State Programs of 


Biology Teaching 


a. State Superintendent of Public In- 
struction. 

b. Director of Teacher 
and Certification. 

c. Science section of State Education 
Association fall conferences. 

d. Advisory Committee on Teacher 
F-.ducation. 

e. Organization of School Administra- 
tors. 


Education 


f. District education conferences. 
Home faculty or staff of each con- 
feree. 


g 


Implementation of Recommendations: 


Request the State Department of Edu- 
cation to employ or to designate a 
science consultant to work with col- 
lege and high school teachers and in- 
structors of science. 

F'ncourage college biology teachers to 
become participating members of the 
science section of the state education 
association. 

Request the director of teacher edu- 
cation and certification in the state de- 
partment of education to work with 
teacher education institutions in an 
effort to get heads of science depart- 
ments to review and to revise their 
offerings for a major in biology in 
light of the proposals made at this 
conference. 


| 


| 
i. 
| 
| 
, | 
| 
3 
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Suggest that science staffs of all teach- 
er education institutions attempt to 
work cooperatively in determining the 
courses offered for the prospective 
science teacher. 

Promote one or two day system-wide 
workshop for science teachers during 
the pre school conference period. 
true picture of the 
supply demand of adequately 
trained gy teachers in the state 
to be used on basis for further recruit- 


Determine the 
and 
biology 


ment. 


high school science teach 


ers to organize school science clubs 


junior 


ind become members of the 


icademies of sciences. 
Stimulate hi 


lecturers and other services offered by 


h school clubs to use 


the Seniol academies. 

Urge the Councils on Teacher Educa- 
State Board of Education 


to adopt the program of teacher edu 


tion and the 


cation ind certification of biology 


teacners proposed by this conference. 
Hold 1 State wide conference on. bi 
ology teaching similar in representa 


tion, plan of work, and procedures to 


Southeastern Conference for the 


follo Ving purposes 
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Io study the problems In science 
teaching with particular attention 
to those of biology teaching. 


fo initiate publication of a peri- 
odical high school science bulletin, 
and to decide upon types of ma- 
terials to be included. 

lo formulate proposals to be made 
to the Division of Teacher Educa- 


tion and Certification. 


lo study Wavs to strenethen teach- 
er education programs in the area 


of science to the end that a more 


adequate number of prospective 


teachers will be attracted to the 
program and to the end, ultimately, 


that the quality of science teaching 


made available to all students will 
be of such quality vital 
enough to make l ditference In 


their lives 


lo implement, in general, conclu- 
sions and recommendations § result 
ng fron this Southeastern Work 
Conterence. 

Summary by Lovutse Cons 


Srate Department of Education 


Frankfort, Ky 


4 


posed 


the impact 


emphasize the point. 


to that 


The National Science Foundation 
Conference Program 


KEITH 


R. KELSON 


kducation in the Sciences Program 
National Science Foundation 


Ir would be presumptuous indeed for me 
to attempt to tell you much about the Na- 
Foundation. | 
Foundation only a_ few 
short weeks. But it is especially because of 
association that [I am 
most happy to be here for | have been able 
| from the ultimate 
source. of some of the problems that confront 
the educational community, 


tional Science have been as- 


sociated with the 
this short period of 


ty Jearn. first-hand, and 


I hese are among 


rhe problen s of direct concern to the Foun- 


dation. Moreover, | have a deep and abiding 
nersonal interest in the science classroom and 


f in our deliberations I have sometimes 


nlaved the role of the devil's advocate too 
assured that my intent was 


iworously, be 
attitude sympathetic. 


e and my 


tl 


construc 


Let me also re my sincere appreciation 
for bein: invited t ) participate in your dis- 
cussions. | have rae learned the full pun- 


vency of the opinions expressed here as | 


could LAN ¢ no other wav. 
Ar the beginning of the conference I had 


e pleasure of outlining to you some of the 
National Science Founda- 
tion. | mentioned briefly some of the devices 


ibectives of the 


mploving to achieve those objec- 
ves. Even so, | am sure that our general 
nterests and specifically our interest in this 
onference were not clear to some of you. 
The Foun dation is broadly charged with the 
esponsibi lity of developing a national policy 
lirected toward increasing the scientific po- 
within the limits tm- 
necessity of securing optimum 
lance between strictly scientific and other 
\lore than by any other 
spect our era in history is characterized by 


ntial of the country 


ol 
CTIVITICS. 


of science on human affairs. This 
attention daily; 


forcibly brought to our 


single glance at a newspaper suffices to 
Further, that same news- 
aper will direct your attention all too clearly 


rlgantic tug-o-war between the ma- 


jor ideologies which form the restless back- 
ground of our lives. Science by its very na- 
ture has been cast in a leading role in this 
milieu of strife. But our supply of scientists 
is dwindling both in quantity and quality at 
the very time it should be burgeoning. The 
problem is no longer a theoretical one. We 
are approaching a potential crisis at headlong 
speed—a crisis whose outcome we must re- 
gard as critical. 

One of the most important areas where 
help is needed and needed badly is that in- 
creasingly significant structure of our so- 
ciety, the high school science classroom. 
\Ithough potential scientists may be born, 
they will come to naught but for the mini- 
strations of skilled teachers working in suit- 
able conditions—thus the Foundation’s inter- 
est in your work here. | hope you under- 
stand that the Foundation is operationally 
and conceptually a part of the educational 
and scientific community it serves. We of 
the Foundation staff consider ourselves nec- 
essarily part and parcel of your activities 
and would stoutly resist any impetus in an- 
other direction. But how, specifically, can 
we take our proper place in the operations 

produce more and better scientists? 

We of the Foundation’s staff are all keenly 
aware of our individual limitations. We can- 
not, for example, immediately foresee all of 
the problems inherent in our responsibility, 
much less all of the answers. Yet, to solve a 
prob lem—and especially to assist in the solu- 
tlon—it is first necessary to understand clearly 
what the problem is. One of the most effec- 
tive ways the Foundation has of learning 
what problems exist and which of these are 
most troublesome is to support conferences 
such as this one where informed and _ think- 
ing people representing diverse viewpoints 
and backgrounds can collectively produce a 
concise statement of problems. Had you gone 
no further here than the second stage of the 


src = 
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| 
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that of 
then you would have made 
tribution. But you have 
more. You have produced solutions for some 


agenda outlining the problems—even 

a substantial con- 
done more, much 
prob lems and have outlined w ays in which 
\lost of 


W orke d 


others might be solved. you were 


unaware as that 
were of greater importance than the 


you here your 
efforts 
regional nature of the conference would in- 
dicate. You now, I trust, that 
to the nature of your National Science Foun- 
you has played a 


in influencing the development of a national 


know owing 


dation each of 1 direct role 
science policy and the means of implementing 
it. I did not beginning of this 
conference to belabor this point unduly—nor 
do | belabor it 


is true. 


wish at the 


wish to now—nonetheless it 


| xplicitly, or in some cases implicitly, the 


record of this conference contains certain 
recommendations. I assure you that these will 
receive our careful study to determine 


whether the Foundation, among _ others, 


to expand its activities along 
whether 


should seek 
certain lines and 
ent activities are 


from your 


some of our 
bad, or 


pres- 
indifferent 
Briefly, the 


vood, 


point of view. con- 


ference record may ofter us new insights and 
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certainly will help us measure our program, 
Specifically, we shall re-examine our cop- 
cepts and operations directly relevant to the 
improvement of high school science teach- 


ing in the light of your findings. For example, 


you regard as very desir: able those summer 
institutes designed t 7) up-date inservice teach- 
ers. This is gratifying because we are al- 


ready supporting such institutes to the extent 


we are able with our limited means. It js 
clear, also, that we should continue to seek 
the informed opinions and recommendations 
of responsible persons. We are surer than 


ever that conferences such as we have sup- 
useful means of 


And in the 


ported here are a securing 


that information. strictest sense 


such support is self support because you are 
an integral and necessary part of Further- 


more, we like it that way. 


Finally. let me sav for the benefit of those 
who were unable to attend the entire con- 
ference, One important result achieved here 


One 
describe this is merely to call attention to the 


has not vet been mentioned. Way to 


many Corpses ot apathy and personal preju- 


dice that lie moribund on the floors of com- 


mittee rooms. May they rest in peace! 


| 
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Phase Bilms 


Announcing our latest release: 


THE LIFE STORY OF A WATERMOLD— 
Allomyces 


With Teacher's Study Guide which has been 
carefully prepared and checked for scientific 
accuracy. 


This film, produced by the Zernike phase- 
contrast method awarded the Nobel Prize 
in Physics for 1953, marks a milestone in 
the progress of education in Biology. 


Other subjects ready: “Syngamy and Al- 
ternation of Generations in Allomyces a 
Watermold;" "Plant Growth and Muta- 
tion;"’ “Cell Division; "Meiosis."" Now in 
year. Write for previews or de- 


iterature. 


ARTHUR T. BRICE 


Phase Films Ross, California 
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| 

otive | 

New. 


Nyssco 
BIOCAST MOLDS 
A New Technique for Stimulating Teaching. 
News -developed type of flexible plastic mold for 


making perfect, three dimensional, scientifically 


accurate biological models. Will withstand rough 


handling and will reproduce indefinite number of 


pli ster Casts. 
Look at these advantages: 


@ Real “Lear Prov 


oe molds now available for prompt delivery, 


(direction sheets included), at $6.00 each, 


follow 
PB402 Typical Cell PB413 Reflex Arc 
PB403 Leaf PB423 Human Skin 
PB4I1 Pistil of Flower PB43!1 Human Tooth 
PB412 Paramoecium PB441 Villus 


{sk for descriptive leaflet. 


NEW YORK SCIENTIFIC SUPPLY CO. 


28 West 30th Street, New York |, N. Y. 


The 


— Newest Sport 


Be Well Informed 


On the Nation’s 


Skin Diving & Underwater Spearfishing 


INFORMATION ON 
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® Marine Biology 


Newest Eqpt. 


@ Underwater Photo 


Size 8!'/.” x 11”—32 to 40 Pages 


SUBSCRIPTION Upon Request 
$3.00 PER YEAR The SKIN DIVER 


12 issues P.O. Box 128-B Lynwood, Calif. 
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